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Preface 


Sexually transmitted diseases (STDs) constitute a significant part of the total 
disease burden globally. These diseases exert a high emotional toll due to the 
social stigma connected to afflicted individuals, as well as an economic burden 
on individuals and on the healthcare system. Both affect the community’s social 
and economic development adversely. STDs affect men and women of all back- 
grounds, irrespective of their economic status. These can be acquired and trans- 
mitted through unsafe sexual practices and by various pathogens, including 
bacteria, fungi, viruses, and parasites. The nucleic acid-based molecular assays 
enable rapid and accurate identification of infections. These untreated infections 
lead to complications such as infertility and cervical cancer. 

The spread of STDs decreases with the use of contraceptive tools and continu- 
ation of treatment. Some STDs are associated with poor pregnancy outcome and 
high morbidities and mortalities in neonates. In the developing world, the inci- 
dence and prevalence of STDs are both very high. Early detection and treatment 
of STDs reduces the spread of infection and may avoid serious complications. 
Significant advances in the diagnosis and management of STDs have resulted in 
prevention, diagnosis, treatment, and better patient care. 

This book provides an overview of sexually transmitted diseases. It includes 
the most common viral, bacterial, and protozoan infections that compromise the 
sexual health and well-being of any society. There is a need to strengthen the 
public health systems for controlling the sufferings associated with the sexually 
transmitted diseases by utilizing need-based affordable and sustainable control 
measures. 

There is need for incremental advancement in efforts to control, eliminate, or 
eradicate STDs. More efficient and proactive healthcare systems with easy access 
to affordable medicines are required for proper management of STDs globally. 


Dr. Sunit K. Singh, PhD 

Professor of Molecular Immunology, 

Head, Molecular Biology Unit 
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1.1 Introduction 


Quantitative evaluation of the cells involved in the immune system, such as lym- 
phocytes, plasma cells, macrophages, dendritic cells, and epithelial cells, together 
with their products, including antibodies, cytokines, and humoral factors of 
innate immunity, convincingly revealed that the immune system associated with 
the mucosae is greater than its systemic counterpart (Russell et al. 2015a). This 
fact should not be surprising, as the development of the entire immune system 
during evolution and continuously in everyday life is driven by stimulation with 
commensal microbiota, antigens present in food and inhaled air, as well as path- 
ogens throughout the enormous surface area of mucosal sites, which far exceeds 
the skin surface. 

The mucosal immune system comprises anatomically remote and physio- 
logically distinct compartments that provide protection at various mucosal 
sites. Although the genital tract shares some common features with other 
mucosae, including the presence of humoral factors and cells of innate immunity, 
and the origin of cells involved in antibody production and T cell-mediated 
immunity, there are also many distinct features characteristic of the genital 
tract (Russell and Mestecky 2002, 2010; Mestecky et al. 2005). The spectrum 
of antigens including commensal or pathogenic microorganisms, and sperm 
is different from those at other mucosal sites. Furthermore, the primary 
physiological role of the genital tract is reproduction, which involves the 
acceptance of allogeneic sperm and semi-allogeneic offspring. This distinct 
physiological role influences the immune system of the genital tract with 
respect to the induction or suppression of immune responses, which must be 
considered in the development and application of vaccines against infectious 
agents of sexually transmitted diseases. 
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1.2 Innate Immunity in the Genital Tract 


Like other mucosal tracts, the genital tract is rich in cellular and humoral com- 
ponents of innate immunity, but the contributions of these disparate factors to 
defense against sexually transmitted infections (STI) is not well understood. 
Typically, more information is available for the female than for the male tract. 
Distinction must be made at the outset between humoral antimicrobial defense 
factors, usually proteins of diverse nature and mode of action, and nonspecific 
factors such as pattern recognition receptors and cytokines that orchestrate the 
inflammatory and adaptive immune responses, and that recruit, activate, and 
induce both cellular and molecular defense mechanisms. 


1.2.1 Humoral Defense Factors in Female Secretions 


Secretions of the male and female genital tracts contain an array of innate anti- 
microbial defense factors similar to those found in other, often better studied 
secretions, such as milk, saliva, and intestinal and respiratory secretions. These 
include lactoferrin, lysozyme, peroxidase, defensins, and other proteins secreted 
by epithelial cells (Hajishengallis and Russell 2015; Ouellette 2015) (Table 1.1). 
While many of these are constitutively produced, some are upregulated or 
induced by cytokines, such as IL-17 and IL-22 generated by Th17 cells or by 
innate lymphoid cells, especially those designated as ILC3. However, there is 
relatively little information on the role these factors play in defense of the geni- 
tal tract against STI pathogens. On the other hand, it may be argued that the 
presence of these factors sets the minimum requirements for the colonization of 
mucosal surfaces, as organisms that cannot adapt to the conditions created by 


Table 1.1 Some Innate Defense Factors Found in the Human Genital Tract. 


Factor Female Male 
Lactoferrin 1 pgm” (vaginal fluid) 1.2mgmlI" (semen) 
0.1mgmlI! (cervical mucus plug) Identified by IHC’ in urethral 
epithelial cells 
Lysozyme 13pgml! (vaginal fluid) Identified by IHC in glands of 
Imgml™ (cervical mucus plug) Littré and intra-epithelial cells 
Peroxidase Identified in vaginal fluid 
Defensins HD-5 and HBD-1 found in HD-5 present in urethral secretions 
cervicovaginal secretions, as proHD-5, activated by proteases 
endocervical and endometrial cells 
SLPIP Produced in glandular epithelium Identified by IHC in urethral 
epithelial cells 
MBL‘ Found in cervicovaginal lavage 1-25ng ml"! (semen) 


“Immunohistochemical staining. 
>Secretory leukocyte protease inhibitor. 
“Mannose-binding lectin. 
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these factors would be unable to establish themselves as either commensals or 
pathogens. 

In addition, female genital secretions contain abundant mucus, which can 
form a physical plug at the cervix, and at ovulation under the influence of estro- 
gen, this liquefies to facilitate passage of sperm. The vaginal environment is 
normally acidic, maintained largely by the dominant presence of Lactobacillus 
sp., and an increase in pH is associated with dysbiosis that can result in bacterial 
vaginosis (Russell et al. 2005). 

Lactoferrin is a non-heme iron-binding protein (M, ~80000) related to serum 
transferrin, but found in most external secretions (reviewed in Hajishengallis and 
Russell 2015). In the presence of bicarbonate ion, it binds Fe** with extremely high 
affinity even at acidic pH down to pH3. This effectively keeps the secretions in a 
free-iron-depleted state, which means that both commensal and pathogenic bac- 
teria colonizing mucosal surfaces must develop alternative mechanisms for 
obtaining this essential element. Bacteria also use iron-sensing mechanisms to 
detect when they are located within animal systems, and respond by activating a 
wide variety of genes involved not only in iron acquisition but also in adapting to 
the in vivo environment. Approximately half of all gonococcal isolates express 
lactoferrin-binding proteins, LbpA and LbpB, through which they can extract 
iron from human lactoferrin (Anderson et al. 2003). However, strains that lack 
LbpA and LbpB are fully virulent, whereas the corresponding transferrin-binding 
proteins, TbpA and TbpB, are proven virulence factors (Cornelissen et al. 1998). 
Lactoferrin has also been shown to have anti-viral activity, including against HIV, 
herpesvirus, and hepatitis B virus (van der Strate et al. 2001). 

It has been difficult to establish conclusively that lactoferrin (or transferrin) 
exerts anti-bacterial effects through iron deprivation: as noted above, bacteria 
that colonize mucosal surfaces have other means of obtaining iron from their 
environment. Instead, it appears that the cationic nature of lactoferrin (pI ~9) 
and its ability to release by proteolysis basic “lactoferricin’” peptides from its N- 
terminus may be responsible for observed antibacterial effects. 

Lysozyme is a small (M, ~14.000) cationic (pI 10.5) protein with muramidase 
activity that hydrolyses bacterial peptidoglycan (reviewed in Hajishengallis and 
Russell 2015), and is found in genital secretions and other body fluids (Table 1.1). 
However, most commensal and pathogenic bacteria are resistant to lysis by 
lysozyme due to modifications of peptidoglycan structure and its close associa- 
tion with other cell wall structural materials that impede access. Other nonenzy- 
mic modes of antibacterial action have been described, including bactericidal 
activity due to its cationic nature. 

Peroxidase activity has been described in vaginal fluid as in other secretions 
(Table 1.1). Secretory peroxidases utilize H2O% to catalyze the oxidation of 
halides and pseudohalides to toxic products, but (unlike myeloperoxidase 
found in phagocytes) they cannot oxidize chloride to hypochlorite (reviewed in 
Hajishengallis and Russell 2015). Instead, the preferred substrate appears to be 
thiocyanate (SCN ), which is found in secretions as a detoxification product of 
cyanide, and is oxidized to hypothiocyanite (OSCN ). Both this anion and its con- 
jugate acid, HOSCN, inhibit the growth and metabolism of many bacterial species 
including streptococci and lactobacilli, which often generate the required H2O2. 
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Defensins are small cationic proteins (Mr < 5000) containing three characteris- 
tic pairs of cysteine disulfide bonds, the arrangement of which defines the a- and 
6-defensin families (Ouellette 2015). The a-defensin HD-5 and f-defensin 
HBD-1 have both been identified in cervical mucus (Quayle 2002). Defensins 
likely act by permeabilizing bacterial membranes, creating pores by insertion 
into the lipid bilayers. Low levels of defensins in vaginal secretions have been 
associated with bacterial vaginosis (Martin and Ferris 2015). 


1.2.2 Innate Defense Factors in the Male Tract 


The presence of innate defense factors in the male reproductive tract has been 
much less well studied. However, several mucins are expressed, and lactoferrin, 
lysozyme, a-defensin HD-5, and secretory leukocyte protease inhibitor (SLPI) 
have been identified immunohistochemically in urethral epithelial cells and the 
glands of Littré (Table 1.1) (Anderson and Pudney 2015). HD-5 occurs mainly 
in an inactive precursor form in urethral secretions, where it is activated by 
proteases possibly derived from neutrophils during inflammation (Porter et al. 
2005). HD-5 is bactericidal for Neisseria gonorrhoeae and Mannose-binding 
lectin, which initiates complement activation through the lectin pathway, has 
been found in human semen at very low concentrations (1-25 ngml’) and it 
binds to N. gonorrheae in a strain-variable manner probably dependent on the 
lipooligosaccharide (LOS) structure (Wing et al. 2009). 


1.3 Immunoglobulins in Secretions of the Genital Tract 


In contrast to external secretions of lacrimal, salivary, and lactating mammary 
glands and the gastrointestinal tract, in which secretory immunoglobulin A 
(S-IgA) represents the dominant Ig isotype, both male and female human genital 
tract secretions contain slightly more immunoglobulin G (IgG) than IgA (Kutteh 
et al. 1996; Baker et al. 2015) (Table 1.2). Furthermore, in females the levels and 
Ig distribution display marked hormonally dependent differences during the 
menstrual cycle (Hocini and Barra 1995; Kutteh et al. 1996; Rodgriques Garcia 
et al. 2015; Crowley-Nowick et al. 1997a; Wira et al. 2005, 2015). Consequently, 
evaluation of humoral immune responses should take into the account the tim- 
ing of collection of such fluids to provide comparable results (Mestecky et al. 
2011). Irrespective of the phase of the menstrual cycle, IgG appears as the domi- 
nant isotype (Kutteh et al. 1996). Variations in Ig levels are dependent on the 
expression of epithelial cell receptors involved in the transcellular transport of 
Igs of various isotypes (Menge and Mestecky 1993; Baker et al. 2015). 


1.3.1 Female Genital Tract Secretions 


Although the reported total levels of Igs in female genital tract secretions are 
slightly underestimated due to dilution with collection fluids (Jackson et al. 
2015), the dominance of IgG is generally accepted irrespective of the assays used 
for Ig measurement. However, there are marked differences in levels of total Ig of 
all major isotypes during the menstrual cycle (Kutteh et al. 1996). The highest 


Table 1.2 Levels, Properties, and Biological Activities of Ig in the Genital Tract. 


Cervico-vaginal secretions" 
Preejaculate 

Semen 

Intestinal Fluid 

Specificity for: 

proteins 

polysaccharides 

Complement activation 

Receptors for epithelial transport into external secretions? 
FcRn 

pIgR 

Cleavage by bacterial IgA1 proteases 


Number of Ag-binding sites per molecule 


IgG 


1-285 
0.1-6.4 
4.7-142.3 
4 


IgG1 


18.3 (75%) 


++ 


++ 


IgG2 


5.9 (24%) 


+/- 


+++ 


IgG3 


0.1 (0.3%) 


IgG4 


0.3 (0.7%) 


IgA 


3-133 
0.2-17.3 
0.03—-96.0 
166 


++ 


++ 


+ 
4 


2 monomer 
4 dimer S-IgA 
8 tetramer 


IgA1 


50% 


++ 


IgA2 


50% 


+/- 


10 


(Based on refs: Brown and Mestecky 1988; Raux et al. 2000; Vidarsson et al. 2014; Jackson et al. 2015). 
Enormous variation is due to differences in collection procedures and sample processing. Ig levels are also strongly dependent on stage of the menstrual cycle. 
>Receptors for Fc regions of IgG, IgA, and IgM are also expressed on other cell types in the systemic and mucosal tissues. 
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levels are present shortly before ovulation (days —4 to —1) and the lowest levels at 
the time of ovulation. This may be partially due to increased production of mucus 
by the uterine endocervix and therefore dilution of Ig content. Decreased levels 
of Igs and innate immune factors at the time of ovulation may result in compro- 
mised protection, termed the window of vulnerability (Wira and Fahey 2008; 
Rodriguez Garcia et al. 2015). Low levels of Igs are present in vaginal fluids before 
and after ovulation due to the formation of the mucous plug at the uterine open- 
ing. The distribution of IgG subclasses in cervicovaginal secretions resembles 
that of plasma (Raux et al. 2000). Functional differences among IgG subclasses 
are relevant to the associated protective mechanisms, including the specificity of 
antibodies for certain types of antigens, ability to activate complement, and reac- 
tivity with IgG Fc receptors expressed on various types of cells, which influences 
their distribution in body tissues and fluids (Hocini and Barra 1995; Vidarsson 
et al. 2014; Baker et al. 2015) (Table 1.2). For example, antibodies of the IgG1, 2, 
and 3 subclasses specific for HIV-derived antigens differ in their level and asso- 
ciation with protection: although IgG1 antibodies are dominant, the levels of 
IgG2 and IgG3 are of importance for their HIV reactivity (Arnold et al. 2007). 
IgG is also the dominant Ig isotype present in male genital tract secretions 
(Moldoveanu et al. 2005). 

IgA is present in female genital tract secretions at levels that are lower than 
those of IgG but that follow the same pattern of changes over the menstrual 
cycle. In humans, IgA occurs in IgA1 and IgA2 subclasses that display differences 
in protein structure and glycosylation patterns of their heavy chains (Woof and 
Mestecky 2015). Furthermore, IgA1 and IgA2 are differentially distributed in 
various body fluids, and they exhibit some diverse effector functions and specifi- 
cities for certain types of antigens (Woof and Mestecky 2015). Heavy chains of 
IgA1 contain a unique hinge region (HR) between the Cal and Ca2 constant 
region domains. The HR contains a duplicated 8 amino acid insertion of repeated 
proline, serine, and threonine residues with a variable number of O-linked gly- 
cans. Importantly, the HR of human and hominoid primate IgA1 is the principal 
substrate of bacterial IgA1 proteases, which cleave IgA1 into Fab and Fc frag- 
ments, thereby interfering with the Fc-mediated effector functions of IgA1 
(Kilian and Russell 2015). Genital pathogens N. gonorrheae and Ureaplasma 
urealyticum are among the diverse group of organisms that secrete IgA1 pro- 
teases. While all gonococcal isolates constitutively produce IgA1 protease, its 
significance in gonococcal infection remains unclear (Cooper et al. 1984; Hedges 
et al. 1998). 

Antibodies specific for particular types of antigens exhibit characteristic IgA 
subclass associations. Antibodies to proteins, glycoproteins, viruses, and sperm 
are present mostly in the IgA1 subclass, whereas those specific for lipopolysac- 
charides, lipoteichoic acid, and polysaccharides occur predominantly in the IgA2 
subclass (Brown and Mestecky 1988; Woof and Mestecky 2015). Interestingly, 
sperm immobilized by agglutination with IgA1 antibodies can regain their mobil- 
ity after treatment with bacterial IgA1 proteases (Kutteh et al. 1995a). In serum, 
~85% of IgA is present in the IgA1 subclass. In contrast, different external secre- 
tions display distinctive IgA subclass distributions (Woof and Mestecky 2015). 
Tears, saliva, nasal, and small intestinal secretions contain mainly IgA1, whereas 
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in secretions of the large intestine and milk, IgA2 is present at slightly higher 
levels than IgA1. In secretions of the female genital tract, IgA2 is also higher than 
IgA1 but in semen IgA1 predominates (Kutteh et al. 1996; Moldoveanu et al. 
2005). The IgA subclass distribution in secretions reflects the proportion of 
IgA1- and IgA2- producing cells in the respective tissues (see below) (Pakkanen 
et al. 2010). In contrast to exclusively monomeric (m) IgG or polymeric (p) 
immunoglobulin M (IgM), both m and p forms of IgA exist and are characteristi- 
cally distributed in various body fluids (Moldoveanu et al. 2005; Woof and 
Mestecky 2015). While in serum IgA occurs almost exclusively as mIgA, in exter- 
nal secretions such as milk or saliva, approximately 90% or more is present as 
S-IgA, which consists of pIgA (mainly dimers and tetramers) associated with a 
small polypeptide called joining (J) chain and secretory component (SC) acquired 
during epithelial transport (see below). In both female and male genital tract 
secretions, IgA occurs in three molecular forms: mIgA, plgA, and S-IgA. The 
proportions of the individual forms are quite variable and reflect contributions 
of IgA from the circulation as well as local production. 


1.3.2 Origin of Igs in Human Genital Tract Secretions 


Immunochemical and immunohistochemical investigations of the properties of 
Igs in female and male genital tract secretions and mucosal tissues have revealed 
that they are of circulatory as well as local origin (Kutteh et al. 1996; Moldoveanu 
et al. 2005). Indirect evidence for the circulatory origin of IgG in semen was 
provided by systemic immunization studies, which indicated that plasma- 
derived specific antibodies are found in semen of systemically immunized males 
(Moldoveanu et al. 2005; Underdown and Strober 2015). The parallel kinetics 
and Ig properties of antibody responses in serum and semen from volunteers 
immunized systemically with several vaccines indicated the circulatory origin of 
seminal antibodies. Interestingly, intranasal immunization with live attenuated 
influenza virus vaccine resulted in the induction of IgA antibodies in semen. 
Thus, both systemic and mucosal tissues contribute to the pool of antibodies in 
male genital tract secretions (Moldoveanu et al. 2005). In secretions of the female 
genital tract, the relative contribution of Igs from the circulation or local produc- 
tion is strongly dependent on the timing of fluid collection during the menstrual 
cycle (Kutteh et al. 1996; Crowley-Nowick et al. 1997b; Wira et al. 2005, 2015). 
The most important organ involved in the transport of circulating or locally pro- 
duced antibodies into genital secretions is the uterus (Crowley-Nowick et al. 
1995; Kutteh et al. 1995b). Uterine epithelial cells express polymeric Ig receptor 
(pIgR) for plgA and IgM, and neonatal Fc receptor (FcRn) for IgG (Baker et al. 
2015). Hysterectomy results in a highly significant decrease in IgA and a less 
pronounced depression of IgG (Jalanti and Isliker 1977), probably due to par- 
tially preserved transport of IgG mediated by vaginal epithelial cells, which 
express FcRn but not pIgR. The structural and functional differences between 
FcRn and plgR reflect their physiological involvement in protection (Baker et al. 
2015). FcRn expressed on placental cells is involved in the selective transport of 
IgG from maternal into the fetal circulation. In some species, but not humans, 
FcRn expressed on inestinal epithelial cells is responsible for the selective uptake 
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of milk IgG into the newborn circulation (Baker et al. 2015). FcRn is a bidirec- 
tional, recyclable receptor that, depending on pH, binds IgG at the basolateral 
surface and releases it at the apical surface, or vice versa, binds and internalizes 
IgG at the apical surface and releases it into the circulation. In the genital tract, 
FcRn is also involved in the transport of IgG into genital tract secretions. 
Importantly IgG from the genital tract may be taken up, depending on intravagi- 
nal pH: recent results suggest that IgG complexed to HIV may be taken up by 
epithelial cells of genital and intestinal origin and thereby enhance HIV infection 
(Gupta et al. 2013). 

In sharp contrast, plgR represents a unidirectional and sacrificial receptor 
involved in transepithelial transport of plgA and IgM (Baker et al. 2015). It is 
a heavily glycosylated protein that displays Ig domain-like structure and is 
expressed on the basolateral surfaces of epithelial cells. IgA or IgM in their poly- 
meric forms and containing J chain is bound to pIgR through covalent and non- 
covalent interaction and transcytosed through the epithelial cells. At the apical 
surface, plgA (or IgM) is released with the bound extracellular part of pIgR, 
called SC, which stabilizes the structure of S-IgA, enhances resistance to prote- 
olysis, and contributes through its glycan moiety to the protective activity (see 
below). Thus, pIgR (unlike FcRn) is not recycled and the large N-terminal seg- 
ment of pIgR, SC, remains associated with pIgA or IgM. The expression of pIgR 
on epithelial cells is regulated by several cytokines (e.g. IFNy, IL-4, IL-17) and in 
the genital tract also by hormones such as estrogens (Menge and Mestecky 1993; 
Baker et al. 2015). 


1.3.3 Functions of Genital Tract Antibodies 


The protective function of mucosal antibodies has been amply documented in 
many studies performed in humans as well as in animals (Mestecky et al. 2010; 
Russell et al. 2015b). Mucosal antibodies induced as a consequence of infection 
and by active or passive immunization confer protection against various micro- 
bial pathogens. Recent results, however, indicate that antibodies, especially those 
of the IgA isotype, significantly contribute to the maintenance of commensal 
mucosal microbiota through specific antibody and glycan-dependent binding, 
with the formation of biofilms at mucosal niches (for review see Mestecky and 
Russell 2009a). Thus, mucosal antibodies play an essential role in the regulation 
of commensal as well as pathogenic microbiota to maintain desired homeostasis 
at mucosal surfaces. Commensal bacteria present in the oral cavity or intestinal 
tract have been found to be coated with IgA in vivo (Mestecky and Russell 2009a); 
it seems likely that this also occurs in the female genital tract with physiological 
impact in the maintenance of the vaginal commensal microbiota but this has not 
been documented. 

The protective effect of genital tract antibodies against bacterial infections is 
not well-understood. One likely reason for this is the lack of demonstrable states 
of protective immunity against most STIs, as discussed below, and in the absence 
of such a state mechanisms of protective immunity remains speculative. It is 
often assumed that immunity to N. gonorrhoeae will involve complement- 
mediated bacteriolysis, which is undoubtedly important for immunity to the 
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related N. meningitidis, as well as opsonophagocytosis by neutrophils, which are 
typically abundant in the exudate induced in symptomatic gonococcal infection. 
Both complement-mediated bacteriolysis and phagocytosis by neutrophils have 
been demonstrated in vitro using IgG antibodies generated by immunizing 
experimental animals, or IgG derived from human sera (Russell et al. 2015c). 
However, it has also been shown that N. gonorrheae possesses multiple mecha- 
nisms for resisting complement, including the sialylation of its LOS, the ability to 
bind complement-regulatory proteins C4-binding protein and factor h, and the 
induction of antibodies to reduction-modifiable protein (Rmp) that block lysis 
mediated by antibodies against porin or LOS (Lewis et al. 2010). In addition, IgA 
antibodies have been shown to inhibit IgG antibody-mediated bacteriolysis of 
meningococci, a property that extends to the Fab fragments generated by IgA1 
proteases that are produced by all strains of N. gonorrheae (Russell et al. 1989; 
Jarvis and Griffiss 1991). The availability of a complete functional (lytic) comple- 
ment system in genital tract secretions is also an overlooked factor. While C3, the 
most abundant component, is readily detected (and is exploited by N. gonorrheae 
for one mechanism of attachment to C3-receptor-bearing epithelial cells 
(Edwards and Apicella 2004), this does not necessarily mean that a complete lytic 
system is present as other essential components occur at much lower concentra- 
tions and are readily inactivated by proteolysis. The levels of complement in the 
human female tract fluctuate markedly during the menstrual cycle, being highest 
at menses with the influx of blood. It has also become clear that N. gonorrheae 
can survive within neutrophils by mechanisms that involve inhibition of both 
oxygen-dependent and oxygen-independent intracellular killing (Criss and 
Seifert 2012). IgA or even IgG antibodies can be expected to inhibit attachment 
to and invasion of epithelial cells (Russell et al. 2015a), but the extent to which 
this mechanism operates against STI pathogens is unknown at present. 

In the case of C. trachomatis, the picture is complicated by its obligatory 
biphasic life-cycle, in which extracellular metabolically inactive “elementary 
bodies” can invade epithelial cells, whereas the intracellular replicating “retic- 
ulate bodies” are noninvasive. Thus, inhibition of initial infection is likely to 
require neutralizing antibodies against the elementary bodies, but the intra- 
cellular replicating forms are shielded from these and immunity appears to 
depend on IFNy-driven, CD4* T cell-mediated mechanisms (Rank and 
Whittum-Hudson 2010). In murine models, protection against repeat infec- 
tion may require antibody production arising from previous infection, whereas 
immunity to primary infection depends more on cellular mechanisms with 
IFNy playing a major role (Morrison et al. 2000, 2011). Thus, mechanisms of 
protective immunity depend on the stage of infection. However, inflammatory 
immune responses especially involving CD8* T cells and the generation of 
TNFy appear to be responsible for the tissue damage caused by chlamydial 
infection (Murthy et al. 2011). 

The importance of antibodies in the female genital tract in protection 
against viral infection has been demonstrated in several studies (Mestecky 
et al. 2010; Russell et al. 2015c). For example, passive immunization with SIV- 
specific antibodies of IgG and IgA isotypes protected rhesus macaques against 
intravaginal challenge with SIV (for review, see Xu et al. 2015). Therefore, 
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active immunization with HIV-derived antigens is a highly desirable goal of 
ongoing studies to prevent HIV infection by the most frequent route through 
an antibody-dependent mechanism (McElrath 2015). The protective effect of 
antibodies, mostly of the IgG isotype, has been demonstrated in the preven- 
tion of infection with human papilloma virus (HPV). Systemic immunization 
with available HPV vaccines induces specific antibodies in the circulation as 
well as in genital tract secretions, derived from the circulatory pool (Russell 
et al. 2015c). 

However, antibodies in the female genital tract can also be detrimental to 
reproduction. Sera and genital secretions of infertile women may contain anti- 
sperm antibodies of IgG and IgA isotypes that effectively inhibit sperm mobility 
and thus interfere with egg fertilization (Bronson and Fleit 2015). On the other 
hand, systemic immunization with selected sperm antigens has been extensively 
explored as a means of control of fertility and reproduction. 


1.4 Cells of the Mucosal Immune System 
of the Genital Tract 


1.4.1 Epithelial Cells 


In the female genital tract, stratified squamous epithelial cells cover the surfaces 
of vagina and ectocervix, while in the upper genital tract — endocervix, endome- 
trium, and Fallopian tubes — a single layer of columnar epithelial cells is present. 
These phenotypically distinct types of cells exhibit different immunological 
functions. In addition to a mechanical barrier, epithelial cells are the source of 
humoral factors of innate immunity (see above) and, due to the expression of 
receptors specific for the Fc regions of all major Ig isotypes, are involved in their 
transepithelial transport (Baker et al. 2015) (see above). 


1.4.2 Immunoglobulin-Producing Cells 


The numbers and phenotypes of Ig-producing cells have been evaluated by 
immunohistochemical methods on tissue sections of lower and upper genital 
tract or by ELISPOT on cells dissociated from the cervix of hysterectomized 
women (Kutteh et al. 1988; Crowley-Nowick et al. 1995). The highest numbers of 
such cells were found in the uterine endocervix and ectocervix, followed by the 
Fallopian tubes and vagina; ovaries and endometrium were devoid of Ig-producing 
cells. The isotype distribution of these cells differed with respect to the domi- 
nance of IgG or IgA: by immunofluorescence IgA* cells were dominant, but by 
ELISPOT more IgG- than IgA-secreting cells were detected. This difference may 
be partially due to the source of tissues, isolation of cells for ELISPOT, and the 
counting of spots formed not only by plasma cells but also by epithelial cells that 
had internalized IgG. Regardless, the distribution of Ig isotypes in genital tissues 
is markedly different from other mucosal tissues such as the intestine, in which 
~90% of Ig-producing cells are IgA-positive (Brandtzaeg 2015). However, similar 
to other mucosal tissues, the majority of IgA cells is positive for intracellular 


Mucosal Immunity in Sexually Transmitted Infections 


J chain, suggesting their production of plgA. Because the plasma of healthy 
individuals contains only small quantities of pIgA, it is likely that S-IgA or pIgA 
present in cervicovaginal fluid is of local rather than circulatory origin. 

The distribution of IgA1- or IgA2-producing cells in the cervix is reminiscent 
of the large intestine but remarkably different from other mucosal tissues (Woof 
and Mestecky 2015). The relative proportions of IgA1- or IgA2-producing cells 
in most mucosal tissues favor IgA1, while in the large intestine and uterine cer- 
vix roughly equal numbers of IgA1- and IgA2-positive cells are present (Crago 
et al. 1984). 

In the human male genital tract tissues, Ig-producing cells are present in the 
penile urethra in glands of Littré with a predominance of IgA (Anderson and 
Pudney 2015). These cells are also positive for J chain and are localized in the 
vicinity of pIgR-positive columnar epithelial cells (Pudney and Anderson 1995). 
Thus, the complementary cellular distribution required for the assembly of 
S-IgA is present in the penile urethra. Indeed, immunochemical analyses of 
preejaculate revealed the dominance of IgA in this fluid in contrast to semen 
(Moldoveanu et al. 2005). 

Studies of the origins of Igs and the most effective immunization routes for 
inducing immune responses in genital secretions have revealed that B and T cells 
come from remote inductive sites, enter the circulation, and then lodge in mucosal 
tissues through interaction of lymphocyte homing receptors (integrins) with 
addressins expressed on endothelial cells of post-capillary venules, where termi- 
nal differentiation into effector cells occurs (Mikhak et al. 2015). In the genital 
tract, the homing receptor «461 is dominant rather than «467 (which is typical of 
cells that home to the intestinal tract), and it interacts with VCAM-1 and ICAM-1 
ligands. Importantly, intranasal or sublingual inductive lymphoepithelial tissues 
may be the main source of such lymphocytes, thereby explaining the preferential 
elicitation of humoral responses by these routes of immunization (see above). 


1.4.3 T Cells and Other Cell Types 


Phenotypic and functional studies of T cell populations in genital tissues of indi- 
viduals with STI other than HIV have not been extensively addressed, mainly due 
to difficulty in obtaining relevant tissues and low yields of lymphocytes. This 
problem can be at least partially overcome by using menstrual blood (Sabbaj 
et al. 2011; Moylan et al. 2017) as a rich source of lymphocytes with phenotypic 
profiles that are distinct from cells obtained from peripheral blood. 

T cells of CD4* and CD8* subsets are present in the female genital tract in 
the cervix and endometrium as isolated cells, intraepithelial lymphocytes and 
lymphoid follicles (Crowley-Nowick et al. 1995; Rodriguez Garcia et al. 2015), 
and they display T-helper (Th), immunoregulatory (Treg) or cytotoxic func- 
tional profiles. Th1, Th2, and Th17 are involved in regulation of local immune 
responses. Cytotoxic T lymphocytes and natural killer (NK) cells are present in 
the endocervix and endometrium, and participate in local defense mechanisms 
as demonstrated in SIV-infected rhesus monkeys or HIV-infected women (for 
review see Xu et al. 2015). Cytotoxic activity has also been demonstrated in 
CD8* cells, but the patterns of activity and dependence on hormonal state vary 
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and appear to be suppressed in the secretory phase when fertilization and 
implantation take place (White et al. 1997). Aggregates of lymphoid cells in the 
endometrium fluctuate during the menstrual cycle and are maximum during 
the secretory phase. These consist of CD19” B cells surrounded by CD8* T cells 
and an outer sheath of CD14* macrophages (Yeaman et al. 1997). However, 
their function remains unclear. Transient aggregates of dendritic cells (DC) 
and CD4* T cells have been observed in the vaginas of HSV-infected mice 
(Gillgrass et al. 2005). 

Other cell types present in the female genital tract tissues include macrophages, 
DC and NK cells with characteristic phenotypic properties and functional activi- 
ties (Russell and Mestecky 2010; Lambrecht et al. 2015; Smythies et al. 2015). 
Studies of these cell populations in patients with STI are limited (Russell et al. 
2015c). Four main populations of antigen-presenting cells (APC) have been iden- 
tified in human vaginal mucosa: Langerhans cells and CD14 DC, which polarize 
toward Th2 responses, and CD14" DC and macrophages, which polarize toward 
Th1 (Duluc et al. 2013). DC have also been described in the uterine stroma and 
within the cervical epithelium (Hussain et al. 1992; Pudney et al. 2005), and func- 
tional APC activity has been demonstrated in uterine, cervical, and vaginal tis- 
sues (Fahey et al. 1999; Wallace et al. 2001). APC activity appears to vary with 
tissue location and hormonal status: in rats, estradiol has been shown to enhance 
APC activity by uterine epithelial cells but to suppress it in uterine stroma and 
vaginal (Wira et al. 2015). The suppression of APC function by estradiol is medi- 
ated by TGF-B (Wira et al. 2002). Monocytes and macrophages are relatively few, 
and neutrophils are the most abundant phagocytes occurring in the fallopian 
tubes, especially during the inactive phase of the menstrual cycle. NK cells 
(CD56 and CD16") are frequent in the endometrium, and have an important 
role in regulating the response to the implanted fetus (Shivhare et al. 2015). 

The abundance of TGFf in genital tract tissues is consistent with a regulatory 
environment: indeed Foxp3* Treg cells are induced in the presence of high levels 
of TGF. However, the additional presence of IL-6, IL-21, or IL-1 drives the dif- 
ferentiation of Th17 cells (Korn et al. 2009). CD3*/TCRaf* cells lacking both 
CD8 and CD4 have been described with regulatory activity in the mouse genital 
tract (Johansson and Lycke 2003). Foxp3* Treg cells and IL-10-dependent type 1 
regulatory T cells are induced in mice infected with N. gonorrheae (Imarai et al. 
2008; Liu et al. 2014). Gonococcal infection also induces the production of IL-17 
but not IFNy or IL-4 in mice (Liu et al. 2012). The role of Th17 and regulatory 
T cells in STI merits further investigation. 


1.5 Induction of Immune Responses in the Genital Tract 


The primary immunological role of the female genital tract is to accept alloge- 
neic sperm and foster the implantation and growth of a semi-allogenic fetus 
without inducing a deleterious immune response. Furthermore, the immune 
system of mucosal tissues, including the genital tract, facilitates the survival of 
commensal microbiota with a concomitant capability to respond to mucosal 
pathogens (Aymeric and Sansonetti 2015). This goal is achieved by the parallel 


Mucosal Immunity in Sexually Transmitted Infections 


induction of mucosal tolerance toward commensals and the fetus, and active 
immune responses to harmful microorganisms (Czerkinsky et al. 1999; Russell 
and Mestecky 2002, 2010). However, the human female genital tract differs from 
other mucosal compartments in lacking so-called inductive sites that are present 
in the intestinal and respiratory tracts, such as intestinal Peyer’s patches (PP), 
which have the ability to internalize and process antigens. This is accomplished 
by unique epithelial microfold (M) cells that take up and deliver antigens to 
underlying dendritic and lymphoid cells for the induction of humoral and cellu- 
lar immune responses (Brandtzaeg 2015; Williams and Owen 2015). These 
mucosal inductive sites are the source of B and T cells that populate anatomically 
remote mucosal tissues and glands (e.g. salivary, lacrimal, and lactating mam- 
mary glands), where terminal differentiation takes place resulting in the produc- 
tion and secretion of antibodies mainly of the S-IgA isotype, and effector T cells 
with cytotoxic and regulatory functions (for review see Boyaka et al. 2005; 
Mikhak et al. 2015). 

Ample attempts have been made in animal models as well as in humans to 
induce, by various immunization routes, pathogen- or sperm-specific antibodies 
to prevent infection or induce infertility in the female genital tract (Kutteh et al. 
1993; Russell and Mestecky 2002, 2010). Furthermore, in many studies, local 
immune responses to agents of STI have been evaluated (Russell et al. 2015c). In 
humans, vaginal or intrauterine immunization with soluble antigens such as fer- 
ritin, bovine serum albumin, or inactivated polio virus vaccine did not stimulate 
vigorous local humoral responses, although oral or intramuscular immunization 
induced antibody responses of all major isotypes in serum and IgG responses in 
cervico-vaginal secretions (Ogra and Ogra 1973; Vaerman and Ferin 1974, for 
reviews see Kutteh et al., 1993; Russell and Mestecky 2010). Furthermore, intra- 
vaginal immunization with a live recombinant canarypox virus containing HIV 
genes failed to induce immune responses to HIV-derived antigens as well as to 
the canarypox vector (Wright et al. 2004). However, intravaginal immunization 
within the exceptionally potent antigen and adjuvant, cholera toxin B subunit 
(CTB) stimulated local responses (Wassen et al. 1996; Kozlowski et al. 1997; 
Johansson et al. 1998, 2001; Kozlowski 2002). Repeated oral or intravaginal 
immunization with CTB in a gel induced local specific antibody responses in 
most women, with better response induced by intravaginal vaccination (Wassen 
et al. 1996). Alternative immunization routes, including rectal, oral, intranasal, 
or sublingual antigen application, have been explored (Forrest et al. 1990; 
Czerkinsky et al. 1999, 2011). Such approaches exploit the common mucosal 
immune system whereby antigen exposure at an inductive site generates corre- 
sponding immune responses at remote mucosal effector sites, including the gen- 
ital tract (McDermott and Bienenstock 1979; Mestecky 1987). Repeated rectal 
immunization of women with inactivated influenza virus vaccine induced spe- 
cific IgA antibodies in vaginal secretions and IgG antibodies in cervical secre- 
tions six months later, suggesting that this route may be effective for genital 
antibody responses (Crowley-Nowick et al. 1997a, 1997b). The effectiveness of 
rectal or oral immunization with a bacterial antigen for the induction of humoral 
responses in secretions of the genital and intestinal tracts, and in saliva was 
extensively addressed in subsequent studies using the live attenuated Salmonella 
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typhi Ty21a vaccine (Kantele et al. 1998; Kutteh et al. 2001: Pakkanen et al. 2010). 
In addition to antibody responses, the phenotype of antibody-secreting cells in 
peripheral blood was determined with respect to the expression of systemic and 
mucosal homing receptors. Oral immunization induced pronounced humoral 
responses in vaginal secretions and saliva, while rectal immunization was more 
effective in the induction of antibodies in saliva, tears, and rectal secretions; no 
differences were noted with respect to the intestinal tract and serum responses. 
The number of specific antibody-secreting cells was comparable in both groups 
of volunteers: almost all cells expressed dominant «487, the intestinal homing 
receptor, and a minority of cells expressed L-selectin, the peripheral lymph node 
receptor. Interestingly, the combination of initial oral immunization with a rectal 
boost significantly increased vaginal and cervical fluid antibodies dominated by 
IgA, compared to women immunized only orally or rectally (Kutteh et al. 2001). 
Antibody responses to another attenuated strain of S. typhi administered by oral 
or rectal routes demonstrated preferential S-IgA responses by the oral route for 
the vaginal and cervical secretions in a limited number of volunteers (Nardelli- 
Haefliger et al. 1996). Intranasal or sublingual immunization of experimental 
animals with a variety of antigens has been also explored in many studies for the 
induction of humoral immune responses in the female genital tract (for review 
see Russell et al. 1996; Wu and Russell 1997; Czerkinsky et al. 2011). Microbial 
antigens given by these immunization routes induced female genital tract 
responses manifested by the presence of IgA and IgG antibodies. However, anal- 
ogous studies performed in humans are rather limited. Repeated intranasal 
immunization with different doses of CTB elicited prolonged IgA and IgG 
responses in vaginal secretions and sera only when higher doses of CTB were 
used (Bergquist et al. 1997). 


1.5.1 Induction of Humoral Immune Responses in Human Male 
Genital Tract Secretions 


In contrast to abundant studies of secretions of the human and animal female 
genital tract, analyses of immune responses in males immunized by mucosal or 
systemic routes are rather limited (Moldoveanu et al. 2005). Immune responses 
to orally (S. typhi Ty21a) or systemically (influenza virus, pneumococcal polysac- 
charide, diphtheria, and tetanus toxoids) administered vaccines were compared 
in a large study involving 82 healthy volunteers. Oral immunization with S. typhi 
Ty2la vaccine (see above) induced moderate IgA, IgG, and IgM responses in 
seminal plasma, nasal fluid, saliva and in serum. Interestingly, levels of specific 
antibodies in seminal plasma paralleled those in rectal lavage fluid with respect 
to the peak of humoral response. Systemic immunization with influenza virus 
induced IgG and IgA antibodies in both seminal plasma and serum, which 
remained detectable, although at lower levels, for 6 months after immunization. 
After systemic immunization with pneumococcal polysaccharide, or diphtheria 
or tetanus toxoid vaccines, comparable IgG responses in sera and seminal plasma 
were induced, suggesting the systemic origin of antibodies in seminal plasma. 
Intranasal immunization with the live attenuated influenza vaccine induced lim- 
ited antibody responses in seminal plasma (Moldoveanu et al. 2005). 
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1.5.2 Immune Responses in the Genital Tract after Infections 


1.5.2.1 Gonorrhea 

It is well-known that gonorrhea can be acquired repeatedly with little or no evi- 
dence for the development of protective immunity arising from prior episodes of 
infection. It is generally assumed that this is because N. gonorrhoeae has the 
capacity to vary the expression and epitope specificity of most of its major surface 
antigens to an extraordinary extent (Jerse et al. 2014). In addition, it possesses 
several mechanisms to interfere with complement activation (Lewis et al. 2010). 
Thus, conventional thinking is that while anti-gonococcal antibodies are induced, 
N. gonorrhoeae evades their effects through extensive antigenic variation and the 
inhibition of complement-mediated lysis. However, antibodies reactive with 
N. gonorrhoeae can be demonstrated in most samples of human serum regardless 
of infection, probably induced by nasopharyngeal exposure to N. meningitidis 
and other commensal Neisseria species. Quantitative studies revealed that 
proven cases of gonococcal infection were associated with only weakly elevated 
serum or local secretory antibodies, even against the homologous isolate of 
N. gonorrhoeae, and that these responses were not sustained (Hedges et al. 1999). 
Subsequent studies in vaginally infected mice have shown that N. gonorrhoeae 
suppresses Thl- and Th2-driven adaptive immune responses by mechanisms 
dependent on TGF, IL-10, and the generation of type 1 regulatory T cells (Liu 
et al. 2014), while concomitantly inducing Th17-driven innate responses (Feinen 
et al. 2010). This situation can be counter-manipulated by neutralizing TGFB and 
IL-10, or by the local application of microencapsulated IL-12, to generate anti- 
body and Th1-driven cellular responses, establish immune memory, and afford 
resistance to challenge infection (Liu et al. 2013). Mice have also been success- 
fully immunized by intravaginal administration of gonococcal outer membrane 
vesicles (which contain most of the surface antigens) together with microen- 
capsulated IL-12. Resistance to challenge depended on both B cells and IFNy, 
but the cellular and molecular mechanisms of defense have not yet been deter- 
mined (Liu et al. 2017). It has been suggested that gonorrhea might ultimately 
be self-limiting, implying that eventually the human immune system develops 
responses capable of elminating the infection, but it is totally unethical to per- 
form studies involving the withholding of treatment that would be necessary to 
investigate this. 


1.5.2.2 Chlamydia 

In contrast, in genital infection with C. trachomatis, it appears that partial 
protective immunity can be induced by prior infection (Geisler 2010). Again, 
antigenic variation especially in the major outer membrane protein is an 
important factor, and in the absence of a defined state of protective immunity 
no clear consensus exists over the determinants or correlates of protection. 
However, repeated exposure and the ensuing host responses are held responsi- 
ble for the inflammatory tissue damage that results from untreated chlamydial 
infection. It has been proposed that prompt treatment of chlamydial infection 
forestalls the development of adaptive immune responses by limiting the dura- 
tion of exposure to chlamydial antigens (Brunham and Rekart 2008). If correct, 
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this hypothesis implies that C. trachomatis, like N. gonorrhoeae, has the ability 
to suppress or at least delay the onset of immune responses that might be effec- 
tive against it, and that eventually the host immune system might break through 
and mount protective responses. IL-10 induced by Chlamydia has been found 
to modulate antigen-presentation by dendritic cells and drive them into a regu- 
latory response mode, and in its absence, Chlamydia is more rapidly cleared 
(Omosun et al. 2015). 


1.5.2.3 Human Immunodeficiency Virus (HIV) 

Current epidemiological data indicate that almost all HIV infections are trans- 
mitted heterosexually through the genital and intestinal tracts (Mestecky 2007; 
Mestecky et al. 2009, 2014). Although the virus spreads promptly from the geni- 
tal tract to cause systemic infection, there are individuals, usually sex workers, 
who despite frequent HIV exposure remain uninfected and sero-negative (highly 
exposed persistently sero-negative individuals). In a search for the mechanisms 
of this apparent resistance to HIV infection, secretions of the genital tract have 
been evaluated for the presence of local antibodies that might play a protective 
role. Indeed, numerous studies (for reviews see Hirbod and Broliden 2007; 
Mestecky 2007) have reported the presence of HIV-specific antibodies of the IgA 
isotype. In sharp contrast, other studies (reviewed in Mestecky 2007) failed to 
confirm these results. In a large blindly performed study (Mestecky et al. 2011) 
of sera and vaginal secretions of HIV-infected or sero-negative African sex work- 
ers, six US- and Europe-based laboratories independently evaluated these fluids 
using well established assays, including ELISA with a broad spectrum of HIV- 
derived antigens, Western blot, and virus neutralization analyses. Although 
dominant IgG and IgA HIV-specific antibodies were detected with remarkable 
concordance in sera and vaginal secretions of HIV-infected women, no local IgA 
antibodies were detected in highly exposed seronegative sex workers. Therefore, 
the ability of sexually encountered HIV to induce local IgA responses remains 
controversial. In HIV-infected individuals, the majority of antibodies in sera as 
well as in external secretions, in which S-IgA is the dominant Ig isotype (e.g. 
intestinal fluid), HIV-specific antibodies were always predominantly IgG (Wright 
et al. 2002; Mestecky et al. 2004). Mechanisms involved in limited IgA responses 
to HIV have been explored (Xu et al. 2009). Apparently, HIV-infected mac- 
rophages and dendritic cells suppress the differentiation of B cells to IgA- or 
IgG2-producing plasma cells through the introduction of HIV negative factor 
(nef) into these B cells. 


1.5.2.4 Human Papilloma Virus 

HPVs are double-stranded DNA viruses, which infect squamous epithelial cells, 
including those of the genital tract, with remarkable species specificity and 
tissue tropism. Of more than 220 genotypes, HPV types 16, 18 and to a lesser 
degree 31, 33, and 35 are of importance in the development of premalignant 
(dysplasia) and malignant cervical lesions (for review see Chow et al. 2010). 
Importantly, only a small percentage of HPV-infected women develop cervical 
cancer. HPV infection induces cellular and humoral immune responses in 
plasma and genital tract secretions. The levels of HPV-specific antibodies are 
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higher in women with cervical cancer but the relative proportions of IgG vs. IgA 
antibodies display a characteristic pattern and kinetics (Nguyen et al. 2005; 
Russell et al. 2015c;). Humoral responses to HPV are induced with delayed 
kinetics (Hagensee et al. 2000) and IgA antibodies appear earlier than IgG. 
Furthermore, a comparative study (Nguyen et al. 2005) of HPV16-specific anti- 
bodies indicated that, in women with cervical cancer, IgG responses in vaginal 
washes were higher than in women with cervical dysplasia or those undergoing 
hysterectomy for other reasons. Interestingly, lower IgA responses were detected 
in cervical cancer and dysplastic patients than in those with hysterectomy. 
Apparently and by analogy with HIV infection (see above), HPV induces low 
IgA-associated responses in women with cervical cancer or dysplasia. Due to 
inherent difficulties in obtaining a sufficient number of T cells from cervical 
tissue, most studies of cell-mediated immunity have been performed using 
lymphocytes from peripheral blood (Evans et al. 1997). T cells with cytotoxic 
activity have been detected in draining lymph nodes. 

Systemic immunization with two currently available HPV vaccines induces 
specific antibodies of the IgG isotype in plasma as well as in genital tract secre- 
tions (Kwak et al. 2011; Petaja et al. 2011; Wang et al. 2016). Although local 
responses in the cervix, manifested by the presence of HPV-specific antibody- 
secreting cells, have not been demonstrated, based on other studies of the origin 
of IgG in genital tract after systemic immunization (Underdown and Strober 
2015), it is highly probable that such antibodies are of circulatory origin and are 
selectively transported in the genital secretion by an epithelial FcRn-dependent 
mechanism. Sublingual mucosal immunization was less effective in the induc- 
tion of such antibodies (Huo et al. 2012). 


1.6 Concluding Remarks 


STIs continue to present serious problems due to their high morbidity, economic 
impact, and the difficulties encountered in their prevention. The immunological 
uniqueness of the genital tract compared to other compartments of the mucosal 
and circulating immune system must be considered in the evaluation of humoral 
and cellular immune responses, whether these are induced by infection or by 
immunization. In addition, the selection of relevant STI-derived antigens capa- 
ble of inducing protective responses, as well as choice of novel adjuvants or 
immunoregulatory cytokines for co-administration, appropriate immunization 
routes and antigen-delivery systems, are all factors that need to be considered for 
the development of future vaccines. 
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2.1 Introduction 


Male circumcision (MC) has emerged as an effective tool in reducing transmission 
of many sexually transmitted infections (STI). In the last few decades, multiple 
studies have produced high-level evidence regarding the effect of MC on the 
transmission of human immune deficiency virus (HIV) (Krishnaratne et al. 
2016). Circumcision is not without adverse events and is associated with variable 
costs, depending on procedural methods. Many other factors also affect transmis- 
sion of STIs, such as sexual education, use of condoms, socioeconomic status, 
and level of education. Therefore, one should be cautious of applying the evidence 
generated in certain populations to others that are significantly different in these 
regards. For example, can we extrapolate the findings from adult studies in 
sub-Saharan Africa to Europe and North America in order to make recommen- 
dations about neonatal circumcision? Passionate debates about the usefulness of 
MC that are based on diverse interpretations of the literature, personal, religious, 
and cultural opinions are still ongoing. In this chapter, we review the current 
literature and controversies surrounding this issue. 


2.2 Biological Mechanisms 


There are multiple plausible mechanisms that may explain the role of the fore- 
skin in acquiring STIs such as HIV: Traumatic coital micro-abrasions are more 
common in the noncircumcised penis. These gaps in the skin barrier may act as 
a point of entry for microorganisms (Mehta et al. 2010). Langerhans cells are 
targets for HIV, and the inner prepuce has a high density of these cells (Soto- 
Ramirez et al. 1996). The inner prepuce is not keratinized and is thus more easily 
penetrated by microorganisms (McCoombe and Short 2006). Pro-inflammatory 
anaerobes are frequently found in the preputial space, which may facilitate viral 
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survival (Price et al. 2010). The larger preputial surface area is associated with a 
higher likelihood of HIV positivity (Kigozi et al. 2009). 


2.3 Methods of Circumcision 


Circumcision is one of the most ancient surgical procedures. The history is even 
older than the biblical account of Abraham, going back to ancient Egypt. Over 
the course of the last two centuries, this ritual procedure has been amalgamated 
with more modern surgical techniques, although ritualistic techniques are still 
prevalent in some parts of the globe. 

Surgical circumcision is achieved by removal of the foreskin and approxima- 
tion of the cut edges. In conventional techniques, removal is done by sharp 
excision using a blade or scissors. Although this technique is more accurate, it 
requires local or general anesthesia. The above steps can be also achieved by a 
variety of skin clamps that may or may not be temporarily left in situ. In general, 
these devices crush and approximate the edges simultaneously, causing slough- 
ing of the foreskin and apposition of the cut edges at the same time. 

Huang et al. performed a meta-analysis on 18 randomized controlled trials 
(RCTs) comparing three different methods of circumcision, including conven- 
tional circumcision (CC), disposable suture device (DSD), and Shang Ring (SR) 
(Huang et al. 2017). 

Mean patient ages ranged from 7 to 30years. Blinding is almost impossible in 
these types of trials, which introduces considerable detection and performance 
bias, especially when subjective outcomes such as cosmetic results are involved. 
Although this meta-analysis suffered from some methodological issues, the 
authors found that DSD and SR require 20 minutes less operative time than CC. 
The wound healing was also faster with SR. Postoperative pain scores at 24 hours 
were similar. 


2.4 Complications 


Circumcision is generally a safe procedure with a very low risk of severe adverse 
events when performed by trained professionals. Adverse event rates following 
circumcision have been reported between 0 and 16% (198). This wide range is due 
to differences in factors such as age at the time of MC, operative methods, length 
of follow up, type, and experience of the operator. Complications may be classified 
as early or late. Early adverse events include bleeding, infection, urethral injury, 
glans amputation, and wound dehiscence. Late complications include meatal ste- 
nosis, adhesions, skin bridges, secondary phimosis, penile entrapment, redun- 
dant skin, and poor cosmetic results. Although the overall median complication 
has been estimated at 2%, this rate triples in older children (Weiss et al. 2010). 
Another systematic review showed an adverse event incidence of 4.8% for MC 
done in men 15—49years old (Perera et al. 2010). The complication rate for the 
three African RCTs evaluating the role of MC in HIV transmission ranged from 
1.7% to 8% (Auvert et al. 2005; Bailey et al. 2007; Gray et al. 2007). 
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A review from the United Kingdom estimated 1.2% of boys experienced early 
complication, with 0.5% returning to the operating room in sixmonths. In a 
study from the United States, almost 5% of all surgeries performed by pediatric 
urologists in a tertiary center were related to the complications of previous cir- 
cumcision (Pieretti et al. 2010). Most common reasons for reoperation include 
meatal stenosis and adhesions. Asymptomatic meatal stenosis may be seen in up 
to 20% of boys, but the incidence of symptomatic stenosis is 2-3% (Howe 2006; 
Yegane et al. 2006). 


2.5 Role of MC in Transmission of HIV 


There have been a large number of observational studies dating back to 1986 that 
demonstrate a protective effect of MC against HIV infection. A meta-analysis of 
these studies estimated that MC conferred a 60% risk reduction (RR 0.42 95%CI 
0.34—0.54). Global epidemiological studies have also shown a reduced incidence 
of HIV among circumcised men (Drain et al. 2006). Methods and timing of MC 
and sexual behavior are among many factors that may modify the effects of MC 
in acquiring HIV infection (Gray et al. 2000; Rasmussen et al. 2016). To better 
understand the role of MC in prevention of HIV infections, we will discuss it 
according to the mode of sexual transmission. 


2.5.1 Male-to-Female Transmission 


MC may reduce the transmission of HIV directly to the partner, and also indirectly 
to the female population by reducing the prevalence of HIV positivity in men. 

A randomized unblinded controlled trial performed in Uganda failed to show 
any association between MC and reduction in the risk of HIV transmission in 
couples with seropositive male and seronegative females. The study was stopped 
prematurely due to futility of further recruitment (Wawer et al. 2009). In a sys- 
tematic review of literature, Weiss et al. identified 19 epidemiological analyses, 
from 11 study populations, regarding the association of male circumcision and 
HIV risk in women. Data from one RCT and six longitudinal analyses showed 
little evidence that male circumcision directly reduces risk of HIV acquisition in 
women (relative risk 0.80, 95% CI 0.53-1.36) (Weiss et al. 2009). These findings 
are congruent with our knowledge that HIV is harbored within the macrophages 
of prostatic emissions, something that would be unaffected by MC. 


2.5.2 Female-to-Male Transmission 


There are a multitude of observational studies and three randomized controlled 
trials providing moderate to high level evidence about the protective 
effects of circumcision in this setting. Meta-analysis of 15 observational studies 
has estimated a 58% risk reduction associated with MC RR 0.42, 95% CI 
0.34-0.54) (Weiss et al. 2000). In a cross sectional study on African American 
men, Warner et al. found a reduced prevalence of HIV infection only in circum- 
cised males with known HIV positive female partners (Warner et al. 2009). Drain 
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et al. also found that the association of MC and reduced risk of HIV is primarily 
seen in areas that heterosexual contact is the main mode of transmission (Drain 
et al. 2006). 

More importantly, three RCTs, all conducted in Africa, have shown a signifi- 
cant protective effect of MC in HIV acquisition by heterosexual males. Siegfried 
et al. estimated a pooled effect size at 50% risk reduction at 1 and 54% at 2 years 
(RR 0.46 95% CI 0.37—-0.72) (Siegfried et al. 2009). Sexual disinhibition was 
evaluated as well. In the South African study, circumcised men tend to have 
more sexual partners. In the Kenyan study MC was associated with lower usage 
rates of condoms. Adverse events were reported between 1.7% and 8%. The 
authors concluded that the evidence is strong due to minor heterogeneity, low 
probability of bias and large sample size. 


2.5.3 Male-to-Male Transmission 


Men who have sex with men (MSM) are the most common source of HIV 
transmission in countries with high income. The US Centers for Disease Control 
and Prevention (CDC) estimated that over 80% of 31990 newly diagnosed male 
HIV cases in 2015 were due to homosexual transmission (Statistics overview 
2017). Male-to-male transmission is also on the rise in some other parts of the 
world, such as the Middle East (Gokengin et al. 2016). This is in contrast to 
sub-Saharan Africa, where the main driver of transmission is heterosexual sex. 
Published works in this subgroup are limited to observational studies. In a meta- 
analysis of 21 observational studies, MC was not associated with a lower risk of 
HIV infection in MSM (OR 0.86, 95% CI 0.7—1.06). Nevertheless, in men report- 
ing an insertive role, MC was found to be protective (OR 0.27, 95% CI 0.17-0.44) 
(Wiysonge et al. 2011). The overall quality of the studies included was poor with 
high risk of attrition and detection bias. A randomized trial to evaluate the effect 
of MC and behavioral modifications has been registered in China. The estimated 
completion date was December 2010, but no results have been published yet 
((Men who have sex with men) MSM community intervention trial 2010). 

To illustrate the minimal impact of MC in HIV prevention, Londish et al. 
created a mathematical model. They showed that if an initially uncircumcised 
MSM population in a developed country with a baseline HIV prevalence of 10% 
underwent universal circumcision, HIV incidence would only be reduced to 
95% of preintervention levels and HIV prevalence would decrease from 10% to 
9.6% after 20 years (Londish et al. 2010). 


2.6 Human Papilloma Virus (HPV) 


HPV is the most common genital viral infection and STI worldwide (Human 
papillomavirus (HPV) and cervical cancer 2016). There are more than 100 
subtypes of this virus. The low risk subtypes (e.g. 6 and 11) are associated with 
ano-genital warts and the high risk types (e.g. 16 and 18) with cervical, vulvar, 
and penile cancers. The effects of MC on HPV infection are difficult to assess. 
This virus can be carried in many different parts of the genitalia and transmission 
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can occur with only genital skin contact, in the absence of penetration. Therefore, 
the exact location of sampling for the virus (shaft vs. glans vs. scrotum) should be 
taken into account when findings are interpreted. In addition, the infection can 
be spontaneously cleared, possibly confounding the effect of different thera- 
peutic or preventative measures. 

Albero et al. performed a systematic review on the effects of MC on HPV 
infection. They analyzed 21 studies, including 2 RCTs. They concluded that MC 
is associated with reduced prevalence of male HPV infection (odds ratio =0.57, 
95% CI: 0.42—0.77 overall and odds ratio =0.67, 95% CI: 0.54—0.82 for RCTs). 
Nevertheless, they concluded that more studies were needed to clarify the effects 
of MC on acquisition and clearance of HPV (Albero et al. 2012). In a prospective 
cohort study, the same authors concluded that MC was only associated with 
reduced acquisition and increased clearance for certain serotypes (Albero et al. 
2014). Secondary analysis of data from RCTs have shown reduced prevalence of 
HPV in circumcised males for both high- and low-risk serotypes by approxi- 
mately 35% when the samples were taken from the distal penis, but not when the 
sample included penile shaft skin (Tobian et al. 2011a). MC has been associated 
with reduced incidence and increased clearance of multiple serotypes of HPV in 
HIV negative men after one year of follow-up but not after two years (Gray et al. 
2010). The reduced incidence was only apparent in certain serotypes (18 and 33 
but not 16). HIV infection reduces the clearance and increases acquisition of 
HPV (Tobian et al. 2012). MC reduces the acquisition of HPV in HIV positive 
men by 30% (RR 0.70, 95% CI 1.67-2.44) (Gray et al. 2010). Viral load is also 
decreased for serotype 16 in circumcised men (Wilson et al. 2013). 

The data regarding female HPV infection is more contradictory. Wawer et al. 
showed a positive effect of MC in transmission of HPV to female partners in HIV 
negative males but no significant effects in HIV positive male (Wawer et al. 2011; 
Tobian et al. 2011b). They have also concluded that any protection from MC is 
partial and other safe sex practices should be followed. 

Overall, the evidence suggests a partial protective influence for MC against 
male HPV infection, which may be limited to some serotypes, specific genital 
locations, and shorter follow-up. The evidence is lacking for female protective 
effects. The benefits of MC may be more important in areas with poor access to 
alternative strategies such as vaccination and condom use. 


2.7 Nonulcerative STls 


2.7.1 Gonorrhea 


Gonorrhea (GN) is one the most common STIs caused by Niesseria gonorrhea, 
which, may result in pelvic inflammatory disease in females and urethral strictures in 
males. The global prevalence is estimated at 0.6% (0.4—0.9%) in men and 0.8% 
(0.6-1.0%) in women aged 15—49years, which corresponds to 78 million new 
cases in 2012 (Newman et al. 2015). Epidemiological studies have resulted in con- 
flicting findings regarding the association between GN and MC. Nevertheless, a 
meta-analysis of observational studies did not show an association between MC 
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and GN (OR 1.03, 95% CI 0.86-1.23) (Howe 2013). The Kenyan RCT performed 
to evaluate the role of MC in HIV prevention also tested almost 2700 men for GN, 
Trichomonas, and Chlamydial infections. Observations from this RCT showed 
no protective effect against GN for MC with an incidence rate ratio (RR) of 0.95 
(95% CI: 0.68-1.34) (Mehta et al. 2009). Condom usage and higher education 
were associated with lower GN likelihood. The South African RCT had similar 
findings, with no significant protective effect for MC (adjusted OR 0.94, 95%CI 
0.69-1.29) (Sobngwi-Tambekou et al. 2009a). This is in contradiction to lower- 
quality observational studies from high-income countries (Diseker et al. 2000). 


2.7.2 Trichomonas Vaginalis (Tv) 


It is estimated that in 2012, the incidence of new cases of trichomoniasis, caused 
by the parasite Trichomonas vaginalis (Tv) was approximately 143 million (Howe 
2013) with the majority occurring in females. There are only a few studies evalu- 
ating the association between MC and Tv infection. In a prospective cohort study 
Turner et al. were not able to show a significant difference in likelihood of Tv 
infection among females with circumcised or uncircumcised partners (HR 1.05 
95% CI 0.80-1.36) (Turner et al. 2008). The Kenyan RCT was also unable to iden- 
tify a protective effect for MC against Tv (RR 0.77 95% CI: 0.44—1.36) (Mehta 
et al. 2009). On the other hand, the South African RCT showed a reduced TV 
infection in circumcised males (OR 0.47, 95% CI 0.25-0.92 (Sobngwi-Tambekou 
et al. 2009a). This effect was independent of the HIV risk reduction. 


2.7.3 Chlamydia Trachomatis (Ct) 


It is estimated that in 2012, 131 million people were newly diagnosed with chla- 
mydia, with Western Pacific regions having the largest caseload (Newman et al. 
2015). The Kenyan RCT did not find any significant association between MC and 
chlamydial infections (RR 0.87 95% CI: 0.65-1.16) (Mehta et al. 2009). Similar 
findings were reported from the South African RCT (Sobngwi-Tambekou et al. 
2009a). Observational studies have reported conflicting findings, with some 
claiming higher prevalence of Ct in circumcised males (Diseker et al. 2000; 
Turner et al. 2008) and others reporting a large protective effect of MC on male 
to female transmission (although the effect on male acquisition is not clear) 
(Castellsague et al. 2005). A meta-analysis of the 15 studies, including one RCT, 
has failed to show any reduction in prevalence of Ct by MC (OR 0.91, 95%CI 
0.72-1.15) (Howe 2013). 

In summary, the protective effect of MC for the above three nonulcerative STIs 
appears to be minimal. 


2.8 Ulcerative STIs/Genital Ulcer Disease (GUD) 


The most common causes of GUD include: Herpes simplex virus (HSV) type 1 
and 2, Haemophilus ducreyi (chancroid), and Treponema pallidum (Syphilis). 
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Meta-analysis of observational studies have shown only a weak association 
between MC and HSV-2 seropositivity (RR 0.88, 95% CI 0.77-1.01) (Weiss et al. 
2006). When only the studies that confirmed status of MC by physical exam were 
combined, the association became less significant (RR 0.97, 95% CI 0.80-1.17). 
Data from the National Health and Nutrition Survey in the United States showed 
a significant association between HSV2 infections and age, race, and sexual 
behavior but not MC (OR 1.1, 95% CI 0.8-1.5) (Xu et al. 2007). 

Secondary data analysis from three RCTs, designed to evaluate the association 
between MC and HIV infection, has shown conflicting results with respect to 
HSV-2 status. The Ugandan study has shown a protective effect for MC, at two- 
year follow-up in HIV-positive men (Adjusted IRR 0.70, 95% CI 0.55-0.91) 
(Tobian et al. 2009). Regular use of condoms offered even higher protection 
(Adjusted IRR 0.56, 95% CI 0.36-0.89). Conversely, intention-to-treat analysis 
from the South African study did not show any association between MC and 
HSV-2 (IRR 0.66, 95% CI 0.39-1.12). Interestingly, when the analysis was 
adjusted for other factors, such as risky sexual behavior and HIV status, the asso- 
ciation became significant (IRR 0.45 95% CI 0.24-0.82) (Sobngwi-Tambekou 
et al. 2009b). In the Kenyan study, the risk of HSV 2 infections did not differ by 
MC status (RR = 0.94, 95% CI 0.7—1.25) (Mehta et al. 2012). 

In men who have sex with men (MSM), observational studies have shown con- 
flicting results. For example, in the study by Jameson et al. (Jameson et al. 2010), 
MC did not show a protective effect on transmission of HSV2. Study participants 
reported primarily an insertive role. On the other hand in a cross-sectional study, 
Barnabas et al. found a weak association between MC and reduced risk of 
HSV2 infection (OR 0.7, 95% CI 0.5-1.0) (Barnabas et al. 2011). A Cochrane 
Collaboration meta-analysis on observational studies has not shown any evi- 
dence that MC protects against HSV-1 or 2 in MSM (Wiysonge et al. 2011). The 
quality of available evidence was judged to be very low. To date, only one RCT 
has been registered to assess the effects of MC on STI in MSM. This study origi- 
nates from China but its status is not known ((Men who have sex with men) 
MSM community intervention trial 2010). 

Transmission of HIV and HSV 2 infections are related. Metha et al. reported 
that HIV seroconversion was three times higher when the males were also HSV2 
positive. In a multivariable analysis, any GUD increased the risk of HIV acquisition 
by a factor of 7. More than half of the HIV seroconversions were preceded by 
HSV2 or other form of GUD. Overall, there is no evidence to suggest protective 
effects of MC against HSV infection (Mehta et al. 2012). 


2.8.1 Syphilis 


It was estimated that in 2012 almost 17 million people were infected by syphilis 
worldwide. Males and females are equally affected. This corresponds to approxi- 
mately 5.6 million new cases in 2012 (Newman et al. 2015). In a meta-analysis of 
14 studies, Weiss et al. have found a prevalence of 2-3% in men attending STI 
clinic in the United States, as opposed to 25% in Kenyan truck drivers. There was 
a lower likelihood of syphilis among circumcised males (RR 0.67, 95% CI 0.54—0.83). 
The effect was stronger among men for whom circumcision occurred before first 
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sexual intercourse (RR = 0.53, CI 0.34-0.83) (Weiss et al. 2006). Meta-analysis of 
observational studies has revealed that MC is likely not associated with a lower 
risk of syphilis in MSM (Wiysonge et al. 2011). 


2.8.2 Chancroid 


Most observational studies evaluating the effect of MC on acquisition of chan- 
croid have shown a reduction of risk. Most of these studies suffer from methodo- 
logical pitfalls. For example, in two studies the controls were patients with 
urethritis, which could be seen in patients with chancroid. When serological 
tests were used for diagnosis, no association was found between MC and chan- 
croid (RR 1.11, 95%CI 0.5-2.1) (Rakwar et al. 1999; Weiss et al. 2006). 


2.9 Use of Male Circumcision as a Public Health 
Measure 


The recent findings of the efficacy of MC in reducing female to male HIV trans- 
mission and perhaps other STIs, has been used by some health professionals to 
promote early life MC as a public health preventative intervention in developed 
countries. Other potential health benefits include prevention of urinary tract 
infections (UTI) and foreskin conditions such as phimosis and penile cancer. 
The efficiency and acceptability of a preventative measure at a national level 
depends on many variables such as efficacy, baseline incidence of the disease to 
be prevented, invasiveness, adverse outcomes, and cost. Recent recommenda- 
tions from the American Academy of Pediatrics have taken a more favorable 
stance in employing neonatal circumcision based on presumed health benefits. 
The American Academy of Pediatrics (AAP) Task Force on Circumcision con- 
cluded: “Evaluation of current evidence indicates that the health benefits of 
newborn male circumcision outweigh the risks, and the benefits of newborn 
male circumcision justify access to this procedure for those families who choose 
it” (American Academy of Pediatrics Task Force on Circumcision 2012). Experts 
from many other countries such as European Union members (Frisch et al. 
2013), Australia (Circumcision of infant males 2010) and Canada (Sorokan et al. 
2015) have reached opposite conclusions by reviewing the same evidence. For 
example, the AAP cites the study by Sansom et al. that showed newborn cir- 
cumcision resulted in a decrease in lifetime risk of HIV acquisition from 1.87% 
to 1.57%. They found this reduction cost-effective (Sansom et al. 2010). This 
study has been challenged from several aspects — namely, not taking into 
account the cost of dealing with circumcision complications. It is also very 
unlikely that the efficacy data from RCTs conducted in adults from HIV endemic 
areas can be extrapolated to newborn MC in countries with low HIV incidence 
rate, low heterosexual transmission of HIV, better sexual education, and higher 
rates of condom usage. Nevertheless, there still may be a role for MC in preven- 
tion of HIV and other STIs in certain at-risk groups in developed countries 
(MacNeily and Afshar 2011). 
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2.10 Female Genital Mutilation (FGM) 


Many words have been used to describe the practice of FGM, such as female 
circumcision and female genital cutting. WHO defines FGM as: “All proce- 
dures involving partial or total removal of the external female genitalia or other 
injury to female genital organs whether for cultural or other non-treatment 
reasons.” For thousands of years, FGM has been widely practiced in Africa and 
some parts of the Middle East and across different religious groups including 
Jews, Christians, and Muslims. FGM is performed for different reasons in dif- 
ferent communities, such as reducing sexual desire to prevent promiscuity, 
preserving virginity, and ensuring fertility. FGM is deeply entangled in the cul- 
tural background of these societies and plays an important role in relationships 
of families and clans. For example, in some areas FGM is a prerequisite for 
marriage. Understanding these cultural views are essential in any attempt to 
abolish this practice (Morrone et al. 2011). 

WHO estimates that between 100 million and 140 million females are living 
with mutilated genitalia. FGM is classified by WHO into four types: 


e Type I: Clitoridectomy 

e Type II: Clitoridectomy and partial or total excision of labia minora 

e Type III: infibulation (excision of external genitalia and narrowing the vaginal 
introitus 

e Type IV: unclassified (e.g. piercing, pricking, etc.). 


Most of these procedures are done by untrained personnel without aseptic 
technique. In certain countries (e.g. Egypt) there has been a trend for trained 
medical professionals to do increasingly more FGMs. 

There is no solid evidence that FGM reduces the risk of any STIs. In a cross- 
sectional study of 379 women attending an STI clinic in Tanzania, Msuya et al. 
did not find any association between FGM and prevalence of HIV, HSV2, and 
syphilis infections (Msuya et al. 2002). 

In a case control study on 222 women, Elmusharaf et al. did not find any pro- 
tective effect for FMG against gonorrheal, treponemal, or chlamydial infections 
(Elmusharaf et al. 2006). 

Brewer et al. performed a prevalence study in virgin males and females in 
Kenya, Tanzania, and Lesotho, to evaluate the effect of circumcision on nonsex- 
ual transmission of HIV (Brewer et al. 2007). They found an association between 
circumcision and increased HIV seropositivity (OR 2.38-3.36, depending on the 
ethnicity). They postulated unhygienic circumcisions could be the source of 
infection. Complications of FGM may also affect the acquisition of STIs. For 
example, painful vaginal intercourse may result in anal intercourse, which is 
associated with a higher risk of HIV transmission. Sexual intercourse before full 
healing and increased blood transfusion rates in labor secondary to FGM com- 
plications are other proposed mechanisms (Comparison of female to male and 
male to female transmission of HIV in 563 stable couples 1992). 

Yount and Abraham report that the increased odds of HIV in “cut women” is 
an indirect effect, since these women are more likely to have more and older 
partners and start sexual activity at an earlier age (Yount and Abraham 2007). 
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Nevertheless, Smolak performed a multivariable analysis on a random sample of 
over 13000 women in Mali who participated in a national survey. He found that 
women with a history of FGM are twice as likely to be HIV positive (OR 2.1 95% 
CI 1.844—2.389). These women had the same number of sexual partners, odds of 
having premarital sex, and age of sexual debut (Smolak 2014). 

FGM is associated with short- and long-term complications, especially in more 
severe forms. A WHO study on more than 28000 African women showed 
increased odds of numerous obstetrical adverse outcomes, such as need for C 
section, postpartum hemorrhage, infant resuscitation, and stillbirth, particularly 
in type II and III FGM (WHO study group on female genital mutilation and 
obstetric outcome et al. 2006). 

The combination of serious adverse health outcomes and the lack of evidence 
for any health benefits makes FGM an unjustifiable procedure. 
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3.1 Introduction 


The history of probiotics is very interesting. The first important discovery related 
closely to probiotics was that of Carl Wilhelm Scheele (Donders 2007; Bautista 
et al. 2016), a German-Swedish pharmacy chemist who in 1780 discovered 
“Mjölksyra” in sour milk, later renamed as “acide lactique” (lactic acid) by a 
French chemist and physicist — Antoine Laurent de Lavoisier, who was 
decapitated during the French Revolution in 1794 (Kochan 2017). 

The first lactobacilli were isolated from humans in 1858 by Folwarczny (Donders 
2007; Bautista et al. 2016). In his publication in 1858, Louis Pasteur concluded 
that microorganisms are needed to initiate lactic acid fermentation (Pasteur 
1858). Then some years later, in 1892, Albert Döderlein, a gynecologist and obste- 
trician from Munich in Germany, was the first one to describe bacteria isolated 
from vagina — rods producing lactic acid, which even today are sometimes called 
the Déderlein’s bacilli (Döderlein 1892). In the years to follow, other medical doc- 
tors and researchers described their importance as members of the vaginal micro- 
flora, also noticing that the vaginal epithelium is colonized by other bacteria, but 
in smaller numbers and in a much less dominating fashion (Leopold 1953; Nugent 
et al. 1991; Reid et al. 1994; Donders et al. 1996; Gogineni et al. 2013). 

In the light of novel oral probiotics with the target in the vagina, one cannot 
forget about the gastrointestinal tract (Reid et al. 2003; Strus et al. 2012). Research 
and discoveries on the digestive tract bacteria that are associated with today’s 
probiotic species followed very closely. Ilya Ilyich Mechnikov, aka Elie Metchnikoff, 
a Russian zoologist and microbiologist also made significant contributions to the 
field of bacteriology. He cooperated with Louis Pasteur after 1888, was the head 
of the Pasteur Institute, and together with Paul Ehrlich was awarded the Nobel 
Prize in 1908 for his works on immunity. From 1903 until his death in 1916, he 
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concentrated his efforts on finding ways to prolong human life, analyzing the 
flora of the digestive tract for “autointoxication” and looking for beneficial 
microbes esp. from dairy products that some nations in the Balkan region used. 
He postulated that intake of bacteria with food that degrade sugars and produce 
lactic acid, at the same time with low proteolytic activity, may introduce good- 
acting bacteria, which could replace harmful bacteria. His theory, based on the 
examples of long-living Bulgarian peasants who used to consume fermented 
dairy products, proved only partially right because the strains were not able to 
colonize the human digestive tract (Metchnikoff 1907, 1908; Cheplin and Rettger 
1920). He lived into his seventies. 

Around the same time, in 1899, a French pediatrician, Henry Tissier, observed 
stools of children suffering from diarrhea. He noticed that it contained less 
Y-shaped bacteria than that of stools from healthy children, and he started call- 
ing those bacteria bifide (Figure 3.1). The term Bifidobacterium was not coined 
until the 1960s; before these, bacteria used to be called Lactobacillus bifidus. 
Dr. Tissier suggested that these “bifide” bacteria could be given to diarrhea- 
ridden children to rebuild their intestinal flora — which in fact is the case and the 
best documented use of probiotics, as per World Gastroenterology Organization 
(WGO) recommendations (Guarner et al. 2017). 

In another part of the globe, Dr. Shirota, wanting to battle diarrheal outbreaks 
in Japan, isolated another strain of Lactobacillus called casei Shirota. Use of 
probiotics in special clinical settings is a widely described subject in today’s 
medical literature. The area is dominated by digestive tract conditions (diarrhea, 
necrotising enterocolitis (NEC), inflammatory bowel disease (IBD), GI tract 
surgery, pouchitis, etc.), but the other commonly described applications include 
vaginal conditions, atopic dermatitis (AD), and allergic conditions, abdominal 
surgery, common cold, ventilator-associated pneumonia (VAP), obesity, and 
even psychiatric uses. 


Figure 3.1 Bifidobacterium longum Gram-stained microscopic specimen (magnification 
1000x). (See color plate section for the color representation of this figure.) 
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Long before Lactobacillus rhamnosus GG (LGG) was patented by Sherwood 
Gorbach and Barry Goldin in 1985 in the United States, some efforts were 
made to introduce dairy drinks containing bacteria in Europe in the begin- 
nings of the last century. The probiotic drink containing Lactobacillus casei 
Shirota in Japan has been marketed since 1935. Beneficial microbes were also 
popular as prophylactic antidiarrheal and feminine formulations in Eastern 
bloc countries and in the Soviet Union, also within the space program for cos- 
monauts, though scarce literature in English was produced and no clinical 
trials were registered. 

In the Union of Soviet Socialist Republics (USSR) lactic acid bacteria were 
used, e.g. in the prevention and treatment of suppurative-inflammatory diseases 
in pregnant women and puerperae (Greenberg 1962; Titov 1963; Vil’shanskaia 
et al. 1977; Saiadian et al. 1984; Urbaniak and Reid 2016) well before they became 
known and popular in the West. Many people would be surprised to learn that 
the heart transplant pioneer, the South African Christiaan Barnard, considered 
the Soviet scientist Vladimir Demikhov as the true father of transplantation. It 
may seem funny, but in fact, the same could be said for probiotics, considering 
the input made by Metchnikoff and USSR space program scientists. Outside of 
earlier mentions by Andrew Bruce et al. (1973 1974), only at the end of the last 
century in the Western world, through a Canadian team led by Gregor Reid 
(1990), was it suggested that beneficial bacteria could be used to colonize and 
restore vaginal microflora (Reid et al. 1994). 


3.2 Definition of Probiotics 


The word probiotic originates from the Greek words “pro” — for — and 
“bios” — life, although some authors would argue that in fact the word might be 
an etymological hybrid with the Latin equivalent of “provital” (Hamilton-Miller 
et al. 2003). 

The early mentions of probiotics in the literature dates back from the 1950s, 
and probably even earlier, but at that time the meaning was very distant from 
its current definition. Kollath in 1953 was presumably the first one to describe 
in a German journal probiotics as various supplements, both organic and 
inorganic, that were thought to be able to help patients suffering from ill 
health due to refined food (Kollath 1953). Soon after, in 1954, the term was 
used by a German researcher Ferdinand Vergin (1954), who said that probiot- 
ics were active substances essential for a healthy development and that appro- 
priate diet of probiotics, including fermentation products, could restore the 
microbial imbalance brought about by antibiotics. In the same year, there 
were mentions of probiotics in the literature by French and Swedish authors 
(with regards to Corynebacterium and tuberculosis, respectively) and a year 
later by a German author (whooping cough). Almost 10 years passed and 
Daniel M. Lily and Rosalie H. Stillwell mixed the current terms of probiotics, 
prebiotics, and parasites in a paper published in 1965. Most authors cite this 
article to be the milestone for the first use of the term probiotic. We consider 
this to be an error and the most common misconception repeated in every 
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article and book on probiotics and probiotic history. The authors of the above 
paper attributed probiotic actions to substances produced by protozoa — with 
no reference to bacteria whatsoever — that stimulated growth of other organ- 
isms, stating that “several species of protozoa, during their logarithmic phases 
of growth, produce substances that prolong the logarithmic phase in other 
species” — the term that would today more likely, if ever, correspond to prebi- 
otics. Therefore we consider them to actually be responsible for moving away 
from the better descriptions proposed by the German authors over a decade 
earlier and definitely not responsible for coining the term probiotics (Kollath 
1953; Vergin 1954; Lilly and Stillwell 1965). 

Another decade passed, and Parker in 1974 moved in a slightly better direc- 
tion, but proposed that probiotics should go beyond microbes and include sub- 
stances that contribute to intestinal microbial balance (Parker 1974). Almost 20 
years later, Roy Fuller was very close to the current definition by mentioning that 
these should be called live microbial feed supplements that bring about benefi- 
cial action on the host (Fuller 1992), 

The present definition of probiotics originates from the new millennium, 
when a WHO/Food and Agriculture Organization of the United Nations 
(FAO) Working Group published its proceedings from two meetings, first one 
that took place in Argentina in 2001 and the second one in Canada in 2002 
(Gilliland et al. 2001; Araya et al. 2002). The original definition of probiotics 
according to WHO/FAO Working Group read: “live microorganisms which 
when administered in adequate amounts confer a health benefit on the host” 
This definition is still valid, with some expansions and corrections made ina 
2014 revision, and now reads: “live microorganisms that, when administered 
in adequate amounts, confer a health benefit on the host” (Hill et al. 2014). 
Evolution of the term probiotic with its meaning and definition over the years 
is shown in Table 3.1. 

One needs to make a clear distinction between live culture-containing micro- 
bial products that cannot be called probiotics. According to the latest classifica- 
tion, nonprobiotic products are fermented foods with undefined microbial 
content and undefined consortia, including fecal microbiota transplants (Hill 
et al. 2014). On the other hand, probiotics may be available as the following (Hill 
et al. 2014): 


1) Probiotic drugs 

2) Probiotic medical foods 

3) Probiotic foods 

4) Probiotic dietary supplements 
5) Probiotic infant formulas 

6) Nonoral probiotics 

7) 

8) 


Defined microbial consortia 
Probiotic animal feed 


The main difference between probiotic and nonprobiotic microbial prod- 
ucts is that besides precise microbiological strain characterization described 
in WHO/FAO guidelines, for probiotics; there must be an evidence of a health 
benefit, at either a strain-specific, or according to novel definition — a group 
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Table 3.1 Evolution of the description of probiotics. 


Description Year Author(s) 


Various supplements, both organic and inorganic, that 1953 Kollath, W. 
were thought to be able to help patients suffering from 
ill health due to refined food 


Active substances essential for a healthy development 1954 Vergin, F. 
with the mention that appropriate diet of probiotics, 

including fermentation products, could restore the 

microbial imbalance brought about by antibiotics 


Growth-promoting factors produced by 1965 Lilly, D.M. and 
microorganisms (with many references but to different R.H. Stillwell 
parasites/protozoa only) 

Organisms and substances which contribute to 1974 Parker, R.B. 
intestinal microbial balance 

Live microbial feed supplement that beneficially affects 1989 Fuller, R. 

the host animal by improving its intestinal microbial 

balance 

Viable mono- or mixed-culture of microorganisms that, 1992 Havenaar, R. and 
applied to animal or man, beneficially affects the host J.M.J. Huis In’t 
by improving the properties of the indigenous Veld 
microflora 

Oral probiotics are living microorganisms, which upon 1996 Schaafsma, G. 


ingestion in certain numbers, exert health benefits 
beyond inherent basic nutrition 


Viable microorganisms (bacteria or yeasts) that exhibit 1999 Salminen et al. 
a beneficial effect on the health of the host when they 
are ingested 


Live microorganisms, which when administered in 2001/2002 WHO/FAO 
adequate amount confer a health benefit on the host Reports (Gilliland 
et al.; Araya et al.) 


Live microorganisms that, when administered in 2014 Hill et al. 
adequate amounts, confer a health benefit on the host 


level (Gilliland et al. 2001; Araya et al. 2002; Hill et al. 2014). Despite the fact 
that probiotic bacteria have a long history of safe use, the WHO/FAO guide- 
lines stress the importance of safety testing for each strain, since there have 
been reports published with adverse events related to probiotic use, especially 
with regards to severely ill, immunocompromised as well as patients with 
organ dysfunction (Besselink et al. 2008; Whelan and Myers 2010; Kochan 
2011; Kochan et al. 2011). 

A recent find is that drug sensitivity may be completely different even for 
strains that are within the same species, so likewise a strain-specific approach 
should be used, with as little extrapolation as possible (Kochan et al. 2017). 
Figure 3.2 shows the minimal inhibitory concentration (MIC) determination of 
two Lactobacillus strains, belonging to the same rhamnosus species, with the 
zones of inhibition and MIC values being completely different. 
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Figure 3.2 Significant differences in drug sensitivity within the same species. Shown here are 
two Lactobacillus rhamnosus strains tested using novel cephalosporin-ceftaroline Etest and 
disc-diffusion test: L. rhamnosus KL53A (sensitive, shown on the left) vs. L. rhamnosus GG (reduced 
susceptibility, on the right). (See color plate section for the color representation of this figure.) 


3.3 Vaginal Microflora (Microbiota) 


There can be no successful probiotic use without full understanding of the 
vaginal microflora. As pointed out in the Introduction, vaginal microflora has 
been a research subject for a very long time, although the new microbiological 
molecular tools were responsible for many advances in the recent years. The new 
millennium has brought in a tsunami of publications on the subject of vaginal 
microflora, the qualitative and quantitative differences in its composition, the 
functional aspects of the microflora and the general understanding of the 
microbiome. Although a lot of these papers presented basic research, most of 
these publication arised in the context of inflammatory conditions of the vagina 
(Ness et al. 2003; Schreiber et al. 2006; Nomelini et al. 2010; Zabor et al. 2010; 
Anderson et al. 2011; Huang et al. 2014a). 

Vaginal environment forms a very complex ecosystem, changing along with 
the woman’s age. Its qualitative and quantitative composition is dependent on 
many factors, both individual and environmental, with many of them modifiable. 
The following are listed as having major importance for a healthy vaginal 
ecosystem: general and immune status of the women, hormonal equilibrium or 
therapy, menstruation, diet, number of sexual partners including the number of 
lifetime partners, frequency and type of intercourse, mechanical damage to 
vaginal epithelium, exposure to semen, exposure to pathogens including sexually 
transmitted infections, hygienic procedures, especially irrigations, exposure to 
chemical substances within feminine products or spermicides, exposure to broad 
spectrum antibiotics, smoking, ethnicity, neoplasms, and even traditional female 
genital mutilation (Ness et al. 2003; Beigi et al. 2005; Cherpes et al. 2008a, 2008b; 
Nomelini et al. 2010; Zabor et al. 2010; Ravel et al. 2011; Thoma et al. 2011; 
Huang et al. 2015; Bautista et al. 2016). 

Latest studies on vaginal microbiomes show that vaginal microflora is an entity 
much more dynamic and heterogeneous than initially considered (Huang et al. 
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Table 3.2 Vaginal microflora during reproductive age (Antonio et al. 1999; Burton and Reid 
2002; Vasquez et al. 2002; Burton et al. 2003; Pabich et al. 2003; Strus et al. 2004; Kochan 2011; 
Huang et al. 2014a and 2014b). 


Facultative anaerobes and other 
Staining Anaerobes bacteria 


Gram-positive — Rods/bacilli: Lactobacillus spp. Rods/bacilli: Lactobacillus spp., 
Bifidobacterium spp., Clostridium Corynebacterium spp. 
spp., Eubacterium spp., 


We i Cocci: Staphylococcus epidermidis, 
Propionibacterium spp. 


Staphylococcus saprophyticus, 


Cocci: Peptococcus sp., group B and D streptococci, 
Porphyromonas spp. Staphylococcus aureus, other 
(Peptostreptococcus) streptococci 

Gram-negative Rods/bacilli: Prevotella spp. Rods/bacilli: Escherichia coli, 
(Bacteroides) Klebsiella spp., Gardnerella 


Cocci: Veillonella spp. vaginalis 


2014a and 2014b). Despite the generally accepted fact that lactobacilli-dominated 
vaginal environment is synonymous with healthy vaginal environment, novel 
molecular studies showing that vaginal flora may often be dominated by strains 
other than lactobacilli gave rise to a term “healthy non-Lactobacillus dominated 
vaginal flora” (Huang et al. 2014a and 2014b). 

In general, composition of the vaginal microflora may be categorized according 
to the age of the female, commonly with the following microorganisms (Antonio 
et al. 1999; Burton and Reid 2002; Vasquez et al. 2002; Burton et al. 2003;Pabich 
et al. 2003; Strus et al. 2004; Kochan 2011; Huang et al. 2014a, 2014b): 


e In utero: Thus far, it was considered that the vagina during the fetal period was 
sterile. This may change, as studies now point to the possible presence of 
placental microorganisms (Aagaard et al. 2014) or at least their DNA. 

e First three weeks of life: Vaginal microflora may be similar to the composition 
of the adult vaginal microflora — see Table 3.2. This is because of the close 
contact with the mother’s vaginal flora during delivery, but also with bacteria 
from the mother’s GI tract and skin, and placental crossing of the mother’s 
estrogens. Children born via c-sections have the flora dominated by 
Staphylococcus, Corynebacterium and Propionibacterium spp. That’s why it’s 
so important for the newborn to be in close contact with the mother from the 
very moment it’s born. The concept where the babies are kept far away from 
the mother in the medical ward and brought in just for short periods of time 
for feeding is very wrong from the microbiological point of view. Newborns 
should acquire the microflora from the mother, allowing for proper colonization 
of the body and not from the hospital environment or the medical staff. 

e Before menarche: The vaginal microflora is composed of the following 
bacteria in approximate proportions: Staphylococcus epidermidis (~21%), 
Corynebacterium spp. (~21%), Bacteroides spp. (~19%), Peptococcus sp. 
(~19%), Porphyromonas spp. (~19%), and Gardnerella vaginalis (~12%). Then 
with the increase of estrogen during puberty, there is accumulation of glycogen 
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in the vaginal epithelium, which also leads to increases in the populations of 
lactic acid bacteria. 

e Reproductive age: The bacterial flora corresponds to the strains included in 
Table 3.2, with many bacterial strains present but with dominance of 
lactobacilli. 

e Postmenopausal period: Vaginal microflora resembles that of the girls before 
menarche, with a drop in the counts of lactobacilli and many Gram-negative 
rods, incl. Escherichia coli. 


Please note: One should be careful about generalizations on the composition of 
vaginal microflora. Most studies on vaginal microflora performed thus far 
involved small populations of women. One of the commonly cited works by 
Antonio et al. (1999) examined only 215 females in the United States. Taking into 
account the heterogeneity of the population in many countries, with only tiny 
fraction of population being represented, one must take extra care in extrapolat- 
ing the qualitative data on vaginal microflora composition. This may also be 
problematic, when it comes to the efficacy of the given probiotic strains sold 
commercially in two distant parts of the globe. There are many variations 
regarding the vaginal microflora, especially when it comes to geographic and 
ethnic differences, including the species of lactobacilli that are found in the 
vagina. Vaginal microflora of Caucasian and Asian women of reproductive age is 
usually dominated by lactobacilli. On the other hand, only approximately 60% of 
Latin and Afro-American women have vaginal flora dominated by these bacte- 
ria, and their vaginal environment is characterized by a higher pH value (Huang 
et al. 2014a, 2014b). There are big variations in presumably uniform parts of the 
globe, like Europe. In Polish women, for example, Strus et al. 2005 mentioned the 
following strains as commonly isolated (Figure 3.3): L. acidophilus (35%) sensu 
lato, L. fermentum (30%), and L. plantarum (30%). The other species, i.e. 


Figure 3.3 Lactobacillus acidophilus Gram-stained microscopic specimen (magnification 
1000x). (See color plate section for the color representation of this figure.) 
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L. delbrueckii and L. rhamnosus made up only 5% of strains. To contrast these 
results, normal microflora in Danish women consisted of: L. crispatus, L. jense- 
nii, and L. gasseri (Haahr et al. 2016a, 2016b), and nearby, a study revealed that 
Belgian women harbor L. iners, L. acidophilus, L. gasseri and L. vaginalis (Vitali 
et al. 2007). 

Furthermore, more than 20% of women have various Candida species in their 
vaginal microflora (Barousee et al. 2004; Sheary and Dayan 2005; Bradford and 
Ravel 2017). 

Recently, it has been noted that healthy vaginal microflora has a major protec- 
tive action against pathogens of the genitourinary system, including common 
sexually transmitted infections. The studies on vaginal ecosystem are far from 
over. There are ongoing works, new findings, and discoveries are made each year, 
e.g. the recent find of Doctor Sharon Hillier’s team that discovered a new bacte- 
rium named Mageeibacillus indolicus (Austin et al. 2015). 


3.4 Applications of Probiotics in Vaginal 
and Reproductive Health 


Evolution of probiotic studies had come by the turn of the millennium, primarily 
thanks to WHO/FAO Guidelines for Probiotics, novel molecular studies, but 
also when many clinical trials on probiotics were started and their results became 
widely available (Gilliland et al. 2001; Araya et al. 2002). If one would search for 
the term probiotic using the US National Library of Medicine — National 
Institutes of Health (pubmed.com), there are only 29 articles listed as published 
between 1940 and 1990. Using the same database term, from 1990 through June 
1, 2017, as many as 18,171 articles are listed. 

Probiotics have also become an important economic target, representing over 
65% of the global market of functional foods, and in 2002 were worth over US$75 
billion (Holzapfel and Schillinger 2002) with prognosis for doubling these 
numbers in the current years. Despite the high interest, knowledge of probiotics 
is scarce and needs improvement even among physicians and future medical 
doctors (Kochan and Bulanda 2013). 

Probiotic uses are best documented in World Gastroenterology Organization 
publications on probiotics, with diarrheal administration having the best 
evidence for their efficacy (Guarner et al. 2017). Unfortunately, no such 
international guidelines exist for vaginal applications. Therefore, the use of 
vaginal probiotics relies mostly on national, regional, local scientific society or 
hospital recommendations, if any, or alternatively individual doctor’s experience 
or assumptions. A recent review by McFarland makes an effort to tabulate probi- 
otic strains with the ability to restore or improve dysbiosis for various disease 
indications, but we consider it to be incomplete (McFarland 2014). 

Vaginal probiotics need to follow additional criteria, other than the probiotics 
used in GI tract applications. Unfortunately, there are instances where vaginal 
products sold commercially are no different than GI tract products (Happel et al. 
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2017). When selecting strains for vaginal use, one of the most important aspects 
is the ability to colonize the vagina and adhere to the vaginal mucosa. The other 
important issue is the ability of the administered strains to inhibit the growth of 
the most common pathogens responsible for: (i) bacterial vaginosis and vaginitis 
(e.g. G. vaginalis, Prevotella spp., Peptostreptococcus spp., E. coli), (ii) perilabour 
infections (e.g. Streptococcus agalactiae, Mycoplasma spp., Chlamydia tra- 
chomatis), (iii) recurrent urinary tract infection (UTI) (e.g. uropathogenic 
E. coli), or (iv) vulvovaginal candidiasis (Candida albicans and other non-albicans 
Candida spp.). Strains contained in formulations for vaginal use should meet the 
following conditions, complementary to WHO/FAO guidelines (Gilliland et al. 
2001; Araya et al. 2002; Strus 2005; Hill et al. 2014): 


e They should be isolates from the (human) vagina, hence most are lactobacilli. 
e They should be speciated and characterized to strain level. 

e They should show strong affinity to vaginal epithelium. 

e They should show antagonistic activity towards pathogenic microorganisms. 
e They should have a known drug sensitivity pattern. 


Bacterial antagonism of lactobacilli is most commonly related to: acid 
production that decreases the pH, production of H2O% production of 
bacteriocins, competitive action for host receptors, competition for nutritive 
substances, and immunomodulating effect on the mucous membranes. 

There are two modes of administration of vaginal probiotics: 


1) Intravaginal, e.g. suppositories or vaginal capsules or globules 
2) Oral, e.g. capsules administered per os 


In case of orally administered lactobacilli, these bacteria should additionally 
have the ability to: pass through the GI tract, including survival in gastric juice, 
bile salts and pancreatic enzymes and colonize the rectum before, thanks to 
female anatomy, i.e. the proximity of the anus, being displaced to the vagina. 
There are documented successful efforts of using strains administered orally with 
the target site being the vagina. First documented strains included: L. rhamnosus 
GR-1 and L. fermentum RC-14 described in a trial by Gregor Reid’s team (2003). 
Strus et al. did another successful study on a probiotic Lactobacillus mixture given 
orally, later continued by the same group during a trial on vaginitis. This mixture 
contained three strains L. gasseri 57C, L. fermentum 57A, and L. plantarum 57B. 

Uses of probiotics in vaginal and reproductive health involve their admin- 
istration in vaginitis (aerobic vaginitis, AV; bacterial vaginosis, BV; and vulvo- 
vaginal candidiasis, VVC), genitourinary infections, pregnancy (BV, urinary 
tract infections, prevention of allergy, and atopy), and potential uses also in pelvic 
cancer, surgery, and obstetrics/neonatology (NEC) — which will not be discussed. 


3.4.1 Vaginitis (Aerobic Vaginitis (AV), Bacterial Vaginosis (BV), and 
Vulvovaginal Candidiasis (VVC)) 


Most studied and best documented applications of probiotics involve their use in 
vaginitis, especially in bacterial vaginosis (Othman et al. 2007; Senok et al. 2009; 
Oduyebo et al. 2009; Huang et al. 2014a, 2014b; Homayouni et al. 2014; Heczko 
et al. 2015; Tomusiak et al. 2015; Haahr et al. 2016a and 2016b; Tan et al. 2017). 
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A recent meta-analysis of randomized clinical trials by Huang et al. (2014b), 
which reviewed 130 randomized controlled trials (RCT) but included only 12 
RCT with 1304 patients in the final analysis, showed that there is limited evidence 
suggesting that probiotics have beneficial effect in women who are suffering 
from BV. The authors state that the results should be interpreted cautiously 
because of the heterogeneity among study designs, and they recommended 
further large-scale, well-designed RCTs in this field. 

A new meta-analysis comparing metronidazole combined probiotics over 
metronidazole alone in the treatment of BV showed little little significance for 
the efficacy of the combination therapy (Tan et al. 2017). An important observa- 
tion in this meta-analysis is also the very high number of RCT found (n = 92) and 
only five included in the final analysis. 

Even before that, Oduyebo and his colleagues (Oduyebo et al. 2009), in a sys- 
tematic review, verified 24 trials involving 4422 participants and came to the 
conclusion that next to drugs, lactobacilli were effective for BV treatment in non- 
pregnant women. More specifically, when administered intravaginally, they were 
more effective than oral metronidazole (RR 0.20, 95% CI 0.05-0.08) and that oral 
lactobacilli combined with metronidazole were more effective than metronida- 
zole alone (RR 0.33, 95% CI 0.14—0.77). 

The following year, also in a systematic review, concluded that results do not 
provide sufficient evidence for or against recommending probiotics in the 
treatment of BV. Of note is the fact that the authors reviewed 350 studies and 
finally included 4 in their analysis. 

Iranian authors looked at the effects of probiotics on the recurrence of BV 
and concluded that the results of different studies are controversial, and that 
most studies were in favor of probiotics in the prevention or treatment of BV, 
with no adverse effects reported. Hence they recommend daily consumption 
of probiotic products to improve public health among women (Homayouni 
et al. 2014). 

The already-cited study by Heczko et al. (2015) showed that orally adminis- 
tered lactobacilli are not only effective in bacterial vaginosis but also in aerobic 
vaginitis, by prolonging remission in patients with recurrent BV/AV and 
improving their clinical and microbiological parameters. 

When it comes to VVC, a Chinese group has submitted the protocol of a 
Cochrane review titled “Probiotics for vulvovaginal candidiasis in non-preg- 
nant women” (Xie et al. 2013). The results will definitely prove to be interesting 
as one may find many studies regarding this very common female candidiasis. 
Up to now, there are no sufficiently documented evidences that show already 
studied, local or orally delivered probiotic preparations that are able to inter- 
fere with VVC. 

Another topic with very few data that was analyzed was the vulvovaginal 
candidiasis interventions in HIV-infected women. Authors’ conclusion, 
based on scarce data, is that direction of the findings suggested Lactobacillus 
improved the prophylactic outcomes when compared to a placebo (Ray 
et al. 2011). 

Probiotics are also proposed as one of the interventions in the treatment 
of vaginitis in the pediatric population in a recent review by Beyitler and 
Kavukcu (2017). 
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3.4.2 UTI 


There are also studies on probiotic prevention of urinary tract infections (UTI), 
but the evidence of their effectiveness is weak. A review of probiotic use in bacte- 
rial genitourinary infections in women concluded that lactobacilli for the proph- 
ylaxis of UTI remain inconclusive owing to small sample sizes and use of 
unvalidated dosing strategies but indicate some promise (Barrons and Tassone 
2008). Similar inconclusive results regarding probiotics owing to small sample 
size are mentioned in a review of the prevention of recurrent urinary tract infec- 
tion in children (Williams and Craig 2009). The latest Cochrane systematic 
review looking at probiotics for prevention of urinary tract infections in adults 
and children showed no significant benefit but could not rule it out, as the ana- 
lyzed data were scarce (Schwenger et al. 2015). Despite promise in previous in 
vitro studies, the current clinical evidence, therefore, shows no reduction in UTI 
with probiotic use. 


3.4.3 Pregnancy 


Another interesting Cochrane systematic review by Othman et al. (2007), titled 
“Probiotics for preventing preterm labor” examined seven trials and finally 
included three RCT involving 344 patients. Although results showed an 81% 
reduction in the risk of genital infection with the use of probiotics (RR 0.19; 95% CI 
0.08—0.48) and the authors concluded that the use of probiotics appears to treat 
vaginal infections in pregnancy, their finding was that there is currently insufficient 
data to demonstrate any impact on preterm birth and its complications. 

A systematic review recently published by Danish authors with regards to 
BV treatment in pregnancy surprisingly concluded that there is a strong recom- 
mendation against treatment with metronidazole and a weak recommendation 
against treatment with clindamycin to reduce the risk of preterm delivery, but no 
evidence to suggest that treatment with probiotics should be harmful regarding 
the studied outcomes (Haahr et al. 2016a, 2016b). 

A recent German study EFFPRO summed up the effects of probiotics on 
vaginal health in pregnancy, by administrating one oral capsule containing 
L. rhamnosus GR-1 and L. reuteri RC-14 to pregnant women. The conclusion of 
the study was that oral probiotics may be suitable in antenatal care but had no 
effect on vaginal health during mid-gestation (Gille et al. 2016). 

Widely studied applications of probiotics beyond the genital tract in obstetric 
practice and pregnancy include prevention of allergies. A recent Canadian 
systematic review and meta-analysis of probiotic supplementation during preg- 
nancy or infancy examined its role in the prevention of asthma and wheeze. The 
authors, basing on 20 clinical trials, which included 4866 children, found no evi- 
dence to support a protective association between perinatal administration of 
probiotics and doctor-diagnosed asthma or childhood wheeze (Azad et al. 2013). 

There is also some hope in nutritional supplements showing potential as 
agents for primary prevention of gestational diabetes mellitus according to a 
recent review, although nutritional manipulation in pregnancy does not appear 
to reduce its risk (Rogoziniska et al. 2015). In conclusion, we need to also mention 
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the ongoing studies on probiotics, pregnancy, and preterm infants with respect 
to necrotising enterocolitis (NEC). Since NEC is rather an entity related to neo- 
natology rather than obstetrics, we will not go into any details regarding this 
subject. 


3.4.4 Other Obstetrics and Gynecology (OB/GYN) Uses of Probiotics 


Probiotics may also be used in gynaecologic oncology, and a recent systematic 
review and meta-analysis of 11 studies, encompassing 1612 people shows that 
probiotics may have a beneficial effect in prevention of chemoradiotherapy- 
induced diarrhea (Wang et al. 2016). Although some attention has been given in 
the past to homosexual women in the context of BV and probiotics, a seldom- 
discussed application of probiotics is their use in improvement of the microflora 
in the neovagina of transsexual individuals. A recent study has shown benefit of 
using oral probiotics in transsexual women (Kaufmann et al. 2014). A growing 
field is the use of probiotics in surgery, mostly abdominal procedures, but 
urogenital surgery could be a new field to be investigated (Wu et al. 2016; Reid 
2017). Our recent in vitro studies show the efficacy of lactobacilli against the 
most common sexually transmitted parasite, Trichomonas vaginalis (Kochan 
et al. 2014). 


3.5 Conclusions 


The main problem with probiotics studies seems to lie in the probiotics them- 
selves. In a typical RCT, one would examine the effect of a given drug on the 
disease. This is usually one chemical substance that can be easily compared with 
the same substance in another clinical trial, as to its efficacy, provided the patient 
population is similar. Because probiotic microbes are not only from different 
species but also from different strains, the comparisons are often inconclusive or 
even wrong. Researchers must understand that probiotics have strain-specific 
efficacy and the “cures-them-all” approach will not work. Therefore, for example, 
GI tract probiotics will not necessarily be good for vaginal applications. 
Geographic and regional differences in vaginal microflora may also play 
important roles as to the efficacy of commercially available products, including 
the current migration patterns, which may change the demographics of countries 
not only in Europe but in many parts of the globe. Also, very difficult are studies 
on combinations of strains, as to demonstrate which strain is actually responsible 
for the given activity. In light of the above, probiotic studies may be some of the 
most complex to perform. 

Until there will be universal setups designed and well established for studies 
and RCT on probiotics acting on the: (i) GI tract; (ii) vagina; (iii) or other specific 
locations, the reviews and meta-analyses could be expected to always yield con- 
tradicting or weak results. 

Still, looking at the evidence available, there is moderate proof that beneficial 
microbes do work in gynaecologic settings, especially BV. With the growing 
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body of evidence, many clinicians may be inclined to use probiotic interventions 
as effective prevention tools of urogenital infections or as co-treatments, as spec- 
ified in a recent review (Hanson et al. 2016), especially since these are relatively 
safe interventions. One of the best world renowned hospitals, i.e. the Mayo 
Clinic, lists Lactobacillus acidophilus as B Grade Evidence (good scientific evi- 
dence) for the use of these strains in vaginal disorders on their public website 
(Mayo Clinic 2017). 

In the light of new studies on vaginal microflora and the importance of the 
normal vaginal flora in protecting women from sexually transmitted infections, 
we would like to recommend a new approach to sexually transmitted disease 
(STD) diagnostics and vaginal microflora therapy. Since it’s a fact that women 
with vaginitis are more prone to infections with common STD agents like HIV, 
chlamydia, Neisseria gonorrhea, etc. we think that each woman doing STD diag- 
nostics and/or periodic health checks (e.g. PAP smear) should be recommended 
to examine vaginal microflora, best using the Nugent score or at least Hay/Ison 
criteria. If dysbiosis is found, the best approach for reconstitution of the woman’s 
vaginal flora would be to then identify, select, and administer patient-specific 
probiotic strains in order to rebuild her vaginal ecosystem. Such individualized 
medicine approach (Braundmeier et al. 2015), would more likely show that the 
bacteria would not only recolonize the vagina, avoiding obstacles of geographic, 
ethnic, and other origin, but also protect the patient from STDs. 
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4.1 Introduction 


Human immunodeficiency virus (HIV) is the causative agent of acquired 
immunodeficiency syndrome (AIDS). US Centers for Disease Control and 
Prevention (CDC) reported the official first case of HIV infection in 1981 among 
homosexual men. However, HIV crossed simian-human species barrier much 
before possibly in Cameroon in West Africa (Lucas et al., 1993; Keele et al. 2006). 

Transmission of HIV from one person to another occurs by sexual contact 
(homosexual as well as heterosexual), transfusion of contaminated blood or 
blood products, intravenous inoculations, and perinatal routes. However, heter- 
osexual contact remain the major route that accounts for more than 85% of HIV 
infections worldwide (Simon et al. 2006). 

During initial few weeks of HIV infection, patients suffer from rashes on the 
body and flu-like symptom that is termed as acute HIV infection syndrome 
(Levy 2006). This stage is followed by gradual deterioration of immune cells. 
HIV infects CD4* lymphocytes as well as monocytes and thymocytes (Nilsson 
et al. 2007; Ho Tsong Fang et al. 2008). Entry of HIV in target cells depends 
on the presence of CD4 receptor as well as chemokine co-receptors (CCR5, 
CXCR4). CD4* T cells (helper T cells) play a pivotal role in immune response 
that includes activation of CD8" T cells, B cells, cells of innate immunity, as well 
as nonimmune cells. Additionally, helper T cells also play important role in sup- 
pression of multiple immune reactions (Fahey et al. 1990). Normal count of 
CD4* T cells in healthy individuals ranges from 800 to 1200mm°. Severe 
destruction of CD4* T cells generates a major imbalance in immune system 
equilibrium (Nilsson et al. 2007). When CD4* cell count drops below 500 mm ®, 
minor infections (troublesome but not life threatening) such as fungal infec- 
tions, vaginal candidiasis, condyloma (warts), and cold sores (herpes simplex) 
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may occur. Once CD4* cell counts drop below 200 mm™?, patients will experi- 
ence life-threatening opportunistic infections (cytomegalovirus infection of eye/ 
intestine, toxoplasmosis, pneumocystis carinii pneumonia), dementia, diarrhea, 
weight loss, and cancer that hallmark the onset of AIDS (Centers for Disease 
Control and Prevention 1993). 

Currently available antiretroviral drugs (ARDs) target different step of HIV 
life cycle i.e. virus entry, reverse transcription, integration, and virion matura- 
tion. Combinational antiretroviral drugs (ARDs) have shown considerable suc- 
cess in controlling HIV infections. However, emergence of drug-resistant 
strains of HIV and cytotoxic effect ARDs limits the success of this therapy 
(Desai et al. 2012). 


4.2 HIV Structure/Genome 


Human immunodeficiency virus (HIV) is currently classified in two types, HIV- 
type 1 (HIV-1) and HIV-type 2 (HIV-2). The main causative agent of acquired 
immunodeficiency syndrome (AIDS) worldwide is HIV-1, whereas HIV-2 is 
primarily restricted to central and western Africa. HIV is a member of lentivirus 
genus of the Retroviridae family. Typical lentiviral infections show chronic dis- 
ease, followed by long latency period, persistent viral replication, and disease in 
the central nervous system. 

Presence of the two identical copies of single stranded RNA molecules 
(ssRNA) and structural genes env, gag, and pol characterize retroviruses (Luciw 
1996). In addition to these structural genes, HIV genome consists of other regu- 
latory/accessory genes that become the basis of classification of HIV into type 1 
and type 2. Though both viruses (HIV-1 and HIV-2) are the causative agent of 
AIDS, the central nervous system disease is mainly associated in HIV-2 infec- 
tions. HIV-2 is less virulent as compared to HIV-1 and takes longer time in 
progression of AIDS (Gelderblom et al. 1989). 

The overall structural architect is similar for HIV-1 and HIV-2, as shown in 
Figure 4.1. HIV particles are 100nm in diameter and are encircled by lipopro- 
tein-rich membrane. Viral membrane is covered with trimers of hetrodimeric 
glycoproteins gp120 and gp41. gp41 is a transmembrane-spanning glycoprotein 
and gp120 forms the external surface of the envelop. Since gp41 and gp120 inter- 
act noncovalently, gp120 keeps shedding spontaneously in a local environment 
and is thus detected in lymphatic tissues and serum of HIV infected patients. 
Matrix protein P17 is anchored inside HIV lipid-rich membrane. Both HIV 
membrane and P17 matrix protein safeguards the capsid, which is the polymer 
of P24 protein. Capsid encases two identical copies of single stranded RNA 
molecules (ssRNA) with crucial HIV enzymes such as reverse transcriptase, pro- 
tease, and integrase (Emerman and Malim 1998). 

HIV genome carries two major group of genes viz. essential genes and accessory/ 
regulatory genes. Essential genes of HIV include gag, pol, and env. HIV gag 
gene encodes core structural proteins p6, p7, p24, and matrix protein p17. The 
env gene encodes envelop glycoproteins gp41 and gp120, which recognizes 
target cell surface receptors; similarly, pol gene encodes reverse transcriptase 
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Figure 4.1 Structure and genomic organization of HIV. (See color plate section for the color 
representation of this figure.) 


(RT), integrase (IN), and protease (PR) enzymes. Reverse transcriptase enzyme 
converts viral RNA into DNA molecules, integrase facilitates the integration of 
viral DNA into host chromosomal DNA and protease cleaves Gag and Pol 
polyproteins into their functional components. The other set of HIV genomes is 
composed of accessory/regulatory genes that play a key role in its replication and 
pathogenesis. Among these, tat gene encodes the Tat protein that is expressed in 
the early stage of infection and facilitates the transcription of HIV genes. Rev 
protein (a product of rev gene) exports processed messenger and genomic RNA 
from nucleus to cytoplasm of infected cells. Vpr protein (encoded by the vpr 
gene) causes cell cycle arrest and mediates the transportation of reverse tran- 
scribed DNA into the nucleus in nondividing cells (e.g. macrophages). Similar 
function is performed by Vpx protein in HIV-2. Vpu facilitates the efficient 
release of newly budded virion particles from infected cells. Vif protein of HIV 
enhances the infectivity of progeny virions. Nef protein downregulates MHC-I 
and CD4 receptors from the cell surface, which facilitates the budding of progeny 
virions in the late stages of HIV replication cycle (Gelderblom et al. 1989; 
Emerman and Malim 1998; Lekkerkerker et al. 2006). 
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4.3 Routes of Transmission 


HIV transmits from one person to another through sexual activity, infected 
blood/blood products transfusion, sharing of syringe and needles from pregnant 
mother to fetus or newborns during either pregnancy, breastfeeding, or delivery, 
and in healthcare providers as occupational risk. 


4.3.1 Sexual Transmission 


HIV infection is primarily spread through sexual activity from one person to 
another. HIV crosses mucosal barriers of the rectum, penis, vulva, and vagina 
during sexual contact. During sexual acts, the virus initially comes in contact of 
immune cells (mainly dendritic cells or DCs) that transports the virus across 
mucosal membrane by Trojan horse mechanism. DCs picks up the virus on 
external surface of the mucosal membrane of vagina, vulva, penis, or rectum, 
crosses through the mucosal barrier, and releases the virus in lymph nodes or 
lymphatic tissues, where HIV completes its first infection cycle (Atkins et al. 
1996). Risk of HIV infection greatly increases during intercourse if either part- 
ner has a very high viral load or is concurrently infected with other sexually 
transmitted diseases (STDs) or if the partners have rough sex (Hayes et al. 1995). 
We will discuss the role of STDs in HIV transmission through sexual routes in 
more detail. 


4.3.1.1 STDs and Sexual Transmission of HIV 

STDs have long been recognized for their potential contribution in the transmis- 
sion of HIV through sexual routes. A number of studies showed that the incidence 
and prevalence of HIV infection was considerably greater in patients who were 
admitted to STD clinics with genital ulcers/nonulcers (mucosal inflammation) 
(Plummer et al. 1991; Laga et al. 1993; Schoenbach et al. 1993; Bwayo et al. 1994; 
Figueroa et al. 1994; Mastro et al. 1994; Torian et al. 1995; Frankel et al. 1997) and 
in patients who had history of STD (Weber et al. 1986; Kreiss et al. 1989). 
Promotion of sexual HIV transmission by STDs, both nonulcerative and ulcera- 
tive, by different biological mechanisms that may affect both HIV susceptibility 
and infectiousness. STDs promote HIV infectiousness by facilitating the shed- 
ding of HIV particles in genital tract that was shown by the presence of HIV 
in genital secretions. Additionally, STDs also promote HIV susceptibility by 
recruiting HIV susceptible inflammatory immune cells at the site of inflamma- 
tory genital tract as well as by disrupting genital mucosal barrier. 


4.3.1.1.1 Role of Ulcerative STDs in HIV Susceptibility and Infectiousness 

Genital ulcers often bleed during sexual intercourse, resulting in increase in 
infectiousness of HIV. HIV is frequently detected in the exudates of genital ulcers 
in HIV infected patients (Plummer et al. 1990; Ghys et al. 1997). A study on 609 
HIV-1 positive female sex workers from Cote d'Ivoire, found that the presence of 
HIV-1 is markedly increased in cervicovaginal lavage among women having cer- 
vicovaginal ulcers as compared to those who do not have any lesions (Dyer et al. 
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1998). Similarly, a study on 86 HIV-1 infected men at Malawi STD clinic indi- 
cated a marked increase in HIV-1 concentration in seminal plasma in patients 
having nongonococcal urethritic ulcers as compared with nonulcerative patients 
(Schacker et al. 1998). Another study identified the frequent presence of replica- 
tion competent HIV-1 at the sites of genital herpetic lesions (Mole et al. 1997). In 
the same line, another study found that plasma viral load and transcription of 
HIV markedly increases during acute infections of herpes simplex virus -1 
(HSV-1) (Spinola et al. 1996). 

Additionally, in HIV seronegative STD patients, genital ulcers may increase 
the susceptibility to HIV, either by disrupting mucosal barrier or by recruiting 
and activating HIV competent immune cells at the site of genital lesion or 
inflammation (Magro et al. 1996). Bacterial infections, such as Haemophilus 
ducreyi evokes and recruits HIV competent immune cells at the site of infec- 
tion. In addition, specific antigens of h. ducreyi also recruits T cells at the site of 
infection that further disposes T cells for HIV infections (Heng et al. 1994; Van 
Laer et al. 1995). Emerging evidences indicate that in viral-borne STDs (e.g. 
genital herpes), there might be interaction between HIV and STD causing 
viruses in the genital tract that promotes the establishment of HIV infection. 
For instance, in HSV-1 infected tissues, HIV-1 virions infect keratinocytes that 
naturally lack CD4 receptors. Thus, they are generally resistant to HIV-1 infec- 
tions (Moss et al. 1995). 


4.3.1.1.2 Role of Nonulcerative STDs in HIV Susceptibility and Infectiousness 
Nonulcerative STDs such as chlamydia and gonorrhea increase the shedding of 
HIV particles in the genital tract of patients, probably due to abundant presence 
of HIV infected immune cells as a part of inflammatory host response (Eron et al. 
1996). A study from Nairobi indicated marked increase in the detection of HIV 
in genital secretions from HIV positive gonorrhea patients, which subsided to 
normal levels after successful treatment of gonorrhea infections (Cohen et al. 
1997). A study of 135 HIV-1 patients in Malawi showed that the concentration of 
HIV-1 in seminal secretions was approximately 10 times higher in patients with 
gonorrhea infections, as compared to nongonococcal HIV-1 patients (Mostad 
et al. 1997). A study from Kenya showed that the shedding of HIV significantly 
increased in cervicovaginal fluid in gonorrhea infected HIV-1 women (Clemetson 
et al. 1993). Studies also indicated that the condition of pregnancy also promotes 
HIV shedding in genital secretions in HIV infected women, thus increasing the 
risk of HIV transmission from mother to newborn baby (Kreiss et al. 1994; Levine 
et al. 1998). 

Nonulcerative STDs shown to enhance the susceptibility for HIV by recruiting 
HIV competent immune cells at the site of genital infections. A study on 32 HIV 
negative STD patients having either gonorrhea or chlamydia or trichomoniasis 
showed that the abundance of CD4 lymphocytes at endocervix was almost twice 
that of normal individuals. Additionally, Chlamydia trachomatis shown to 
recruit polymorphonuclear leucocytes at the site of infection as well as it inter- 
acts with these immune cells to enhance HIV replication (Ho et al. 1995; Kaul 
et al. 2008). 
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4.3.1.2 Vulnerability of Female Genital Tract for HIV Transmission 

However, women are at great risk to acquire HIV infection during hetrosexual 
intercourse mainly due to large mucosal surface exposure to seminal fluids as 
compared to men but not all sexual exposure to HIV leads to infection (Griesbeck 
et al., 2016; Hayes et al. 1995). 


4.3.1.2.1 HIV Transmission and Female Genital Tract 

The primary route of HIV transmission in females is through sexual intercourse 
with infected male partners. However all sexual exposure to HIV does not lead 
to infection in females. On average, only 1 in 1200 females get infected with HIV 
during vaginal sex with an infected partner. The female genital tract has an 
innate immune defense, which fights against HIV before causes infection (Boily 
et al. 2009). 

The vagina and cervix are the main parts of the female genital tract that HIV 
uses to enter in the body and establish infection. Mucosal membrane of the 
female genital tract is made up of epithelial cells that are tightly adhered together 
to provide a partial barrier against HIV (Boily et al. 2009). When HIV-infected 
seminal fluid encounters the genital tract of an uninfected female, HIV has two 
main challenges to establish a successful infection: 


1) HIV has to cross the mucosal layer and enter in underlying tissue. HIV can 
cross this barrier with the help of immune cells present on mucosal surface by 
Trojan horse mechanism but wound or damage to mucosal membrane fur- 
ther eases the entry of HIV. 

2) After crossing mucosal membrane, HIV needs to replicate in underlying tis- 
sue for one to three days to increase its number for further spread. HIV does 
this successfully by infecting immune cells present in these tissues. 


4.3.1.2.2 Female Genital Tract Defense against HIV 

The female genital tract has multiple first line of defense that protects it from 
several infections including HIV, which ranges from mucus, epithelial layer of 
mucosal membrane, immune cells, and inhabitant bacteria. 

The mucus layer that lines the female genital tract acts as natural defense that 
traps HIV and prevent it from reaching underlying tissues. The mucus also pro- 
tects underlying epithelial layers from damage by minimizing friction during 
sexual intercourse (Hladik and McElrath 2008; Lai et al. 2009; Wira et al. 2015). 
Multilayered, thick epithelial layers of the vagina and cervix offer great protec- 
tion against HIV as compared to single-layered epithelial lining of rectum (Lai 
et al. 2009). Local immune system of female genital tract in mucus and on the 
surface of epithelial cells comprise antibodies and immune cells that help to fight 
against HIV. The vagina is colonized by lactic acid—producing bacteria that help 
in maintaining the acidic environment in the vaginal lining, which traps and 
inactivates HIV (Lai et al. 2009). 


4.3.1.2.3 Inherent Vulnerability of Female Genital Tract 
Unfortunately, HIV sometimes overcomes the protective defense of the female 
genital tract and establishes successful infection. Contracting the risk of HIV in 
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females through vaginal intercourse is double as compared to males (Petrova 
et al. 2013). Several characteristics of female genital tract may explain higher 
vulnerability of contracting the HIV infection. 

Vagina and ectocervix have much higher surface area as compared to urethra 
and foreskin of penis. Higher surface area of female genital tract provides higher 
opportunity to HIV to cross epithelial barrier and establish infection (Lai et al. 
2009; Adimora et al. 2013). 

Additionally, female genital tract is exposed to much higher volume of HIV- 
infected seminal fluid as compared to penis. Semen remains in the genital tract 
of female for a longer time after ejaculation. Prolonged time of contact and higher 
volume of infected semen enhance the chance of HIV crossing the epithelial lay- 
ers of vagina and cervix to establish successful infection. 

Finally, immune cells present in the epithelial lining of vagina and cervix may 
play role in transport of HIV through mucosal membrane. HIV enters in the 
compatible immune cells (eg. DCs), which then provides a means to cross mucus 
and vaginal epithelial barrier by Trojan horse mechanism (Adimora et al. 2013; 
Masson et al. 2015). 

In addition to this inherent vulnerability, there are additional factors that 
increase the chance of HIV to cross the protective barrier of female genital tract. 


4.3.1.2.3.1 Inflammation Inflammation in the mucosal membrane of the vagina 
and cervix can increase the risk of contracting HIV infection (Thurman and 
Doncel 2011). Inflammation is a natural defense response of the body against 
injury or infection. Inflammatory response gathers a variety of immune cells at 
the site of infection or injury for tissue repair or to clear harmful pathogens 
(Boily et al. 2009). HIV can target entry in the compatible immune cells for its 
replication, and inflammatory response provides an abundance of such vulnera- 
ble and activated immune cells. 

Various conditions may initiate inflammatory response in the female genital 
tract, such as sexually transmitted infections (e.g. herpes, syphilis, etc.) and 
abnormal vaginal conditions (e.g. yeast infection, bacterial vaginosis, etc.). In 
addition to these pathogenic conditions, certain vaginal hygiene practices (e.g. 
douching), rough sex, and certain vaginal lubricants may lead to inflammation 
(Thurman and Doncel 2011). 


4.3.1.2.3.2 Bacterial Vaginosis Bacterial vaginosis is a condition in which harm- 
ful bacteria overgrow to friendly lactic-acid producing bacteria of the vagina and 
disturb the physiological balance. This disturbance leads to changes in the pro- 
tective acidic pH environment and causes the onset of inflammation that dam- 
ages the vaginal linings. Studies suggest that bacterial vaginosis increases the risk 
of contracting HIV up to threefold (Morrison et al. 2015; Thurman et al. 2015). 


4.3.1.2.3.3 HormonalChanges There are many natural as well as induced condi- 
tions where female hormones significantly fluctuate (e.g. menstrual cycle, meno- 
pause, pregnancy, and hormonal contraceptive pills, etc.) (Wira et al. 2015). 
Studies suggest that elevated levels of progesterone thin the vaginal and cer- 
vix epithelial linings, reduce healthy bacteria, weaken the immunity of female 
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genital tract, and accumulate in the immune cells that are the target of HIV. 
These conditions cumulatively create higher vulnerability in female genital 
tracts to contract the risk of HIV infection (Cumming et al. 1989; Polis et al. 
2014; Wira et al. 2015). 

By contrast, higher estrogen level thickens the vaginal lining, elevates the level 
of healthy bacteria, and increases mucus production in cervix. These physiologi- 
cal changes protect the vaginal and cervical linings from HIV infection (Cumming 
et al. 1989; Polis et al. 2014; Wira et al. 2015). 


4.3.2 Transmission by Contaminated Blood/Blood Product Transfusion 


Transmission of HIV from blood or blood products (parenteral transmission) 
came to light when patients became HIV positive after blood transfusion in 
1980s. Currently, highly specific and sensitive tests drastically reduce the chances 
of HIV infection by parenteral mode by screening out HIV infected donors. 
Predonation screening is approximately 98% effective in preventing the collec- 
tion of HIV positive blood units. Though today sophisticated techniques greatly 
reduce the risk of HIV infection by parenteral route, a risk still remains due to the 
potential for blood to be collected during a window of seronegativity (time 
between HIV infection and development of detectable HIV antibodies) (Pasa 
et al. 2016). 


4.3.3 Transmission by Sharing Syringe and Needles 


Needle/syringe sharing is the most notable mode of HIV transmission among 
drug addicts. Several socioeconomic factors compel drug addicts to integrate 
needle/syringe sharing behavior in their life. These factors include fictive kinship 
behavior, to aid their survival, enhanced drug experience in group, low economic 
background, harassment while buying needle and syringes, misconception about 
HIV transmission, and very low self-esteem. These factors lead them to share 
needles and syringes for drugging (Coovadia 2004). 


4.3.4 Transmission from Mother to Fetus or Newborn Babies 


There is a great risk of HIV transmission from HIV positive mother to the fetus 
or newborn babies during pregnancy or delivery or breastfeeding. Preventive 
measures including antiretroviral therapies (ARTs), Cesarean section, and for- 
mulated milk feeding significantly decrease the risk of infection from 25 to ~2% 
in developed nations. In developing nation, the risk of HIV transmission by this 
route remain as high as 16-25% due to unavailability of ARTs and formula milk 
at a broader level (Kuhar et al. 2005). 


4.3.5 Occupational Risk in Healthcare Workers 


There is a minor risk of HIV infection to healthcare providers who closely work 
with HIV positive patients. The risk of infection in healthcare providers mainly 
involves accidental needle prick injuries with contaminated blood and mucosal 
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splash from HIV positive patients. Occupational transmission risk depends on 
the severity and type of exposure. Average risk of HIV transmission by occupa- 
tional transmission varies is 0.3% in case of accidental needle prick injury and 
0.09% in case of mucosal splash exposure (Coombs et al. 1998). 


4.4 Host Factors Influencing HIV Infectivity in Sexual 
Transmission 


In addition to above described factors/conditions, a variety of host as well as viral 
factors also influence HIV infectivity in sexual transmission. 


4.4.1 Systemic Host Factors 


In addition to locally produced HIV, systemic host factors also influence the con- 
centration of HIV in the genital tract. Concentration of HIV in blood is directly 
correlated with the presence of HIV in genital secretions; this could be either 
by connection between genital and blood compartments or by some micro- 
environmental pressures (Anderson et al. 1992; Dyer et al. 1996; Vernazza et al. 
1997). Another systemic factor is advanced immunodeficiency in HIV patients 
that affects the integrity as well as functionality of genital mucosa. As a result, 
higher concentrations of HIV particles were found in the seminal cells of these 
patients (Vernazza et al. 1994; Xu et al. 1997). HIV RNA and HIV DNA were 
abundantly detected in semen and cervical secretions of HIV patients with 
advanced stages of immunodeficiencies (John et al. 1997; Delwart et al. 1998). 
Lastly, hormones and vitamin levels were shown to influence HIV shedding in 
the genital secretions. Marked increase in the levels of HIV DNA was found in the 
genital tract of women with vitamin A deficiency. Similarly, high concentrations 
of HIV DNA were also detected in women on high dose of oral contraceptives or 
injectable contraceptives (Clemetson et al. 1993; Kreiss et al. 1994). 


4.4.2 Local Host Factors 


Several evidences indicate that the presence of HIV in genital tract does not 
only correlates with viral burden in the blood, rather several local factors in the 
microenvironment of genital tract also influences the infectivity of HIV. Multiple 
line of evidences indicate the differences in HIV present in blood and genital 
tracts. First, the association between concentration of HIV in blood and genital 
secretion was statistically weak in most of the studies (Dyer et al. 1996). Second, 
genetic variability in HIV RNA isolated from semen was much higher as com- 
pared with the HIV RNA obtained from blood (Dyer et al. 1996). Third, sequenc- 
ing analysis of the genetic material of HIV isolated from the genital tracts 
showed sequence evolution as compared with the RNA sequences from HIV 
obtained from blood (Ramsey et al. 1995; Eron et al. 1998). 

In vitro work supports the predicted hypothesis that local cytokines in the 
genital tract enhance the replication of HIV. A study by Ho and colleagues 
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in an in vitro study demonstrated that chlamydial infection significantly 
enhanced HIV replication. Gonorrheal infection causes elevated production of 
IL-8 and tumor necrosis factor (TNF) in men suffering with urethritis that 
promotes HIV replication. Similar results were found in case of spirochetal 
lipopolysacharide (Theus et al. 1998; Hashemi et al. 2001). Myeloid-related 
protein-8 (MRP8) present in cervicovaginal secretions markedly enhance the 
replication of HIV (Hashemi et al. 2001). These cytokines produced in genital 
tracts enhanced HIV replication, possibly through activation of HIV-LTR 
(Hashemi et al. 2001). Local inflammation also contributes to HIV shedding by 
release of inflammatory cells in genital secretions. The most common cause of 
genital inflammations is STDs, though other systemic host factors also con- 
tribute in this condition, especially in women. STDs also enhance the suscepti- 
bility of the genital tract to HIV infections by disrupting mucosal barrier as 
well as by recruiting HIV competent immune cells (Lu et al. 1996; Cohen et al. 
1997; Mostad et al. 1997). 


4.5 Viral Factors Influencing HIV Infectivity in Sexual 
Transmission 


Multiple viral factors play crucial roles in the infectivity of HIV; these includes 
viral genetic factors, envelop protein, and resistance to antivirals. A study on 
macaques infected with simian immunodeficiency virus (SIV) /simian human 
immunodeficiency virus (SHIV) demonstrated that specific envelop sequence is 
required for cell-free vaginal transmission (Enose et al. 1997). Vaginal and intra- 
venous inoculations of SIV in cynomolgous monkeys demonstrated specific 
infection patterns. Intravenous inoculation resulted in infection by heterogene- 
ous envelop sequences, whereas infection during vaginal inoculation was led by 
minor variant of envelop sequences (Zhu et al. 1996). Human studies in HIV 
patients with primary infection demonstrated transmission of unique viruses 
through sexual routes (Schuitemaker et al. 1995). These evidences indicate that 
bunch of unique viral factors facilitate the transmission of virus specific route 
but restrict it otherwise. Envelop sequences that favors sexual transmission of 
HIV have been characterized. Syncytia forming HIV strains showed sequence 
variation in V3 envelop region and these strains are strongly associated with 
advanced stage of disease (Albert et al. 1995). Few evidences suggests that non- 
syncytia inducing HIV strains were preferentially transmitted whereas other 
studies found both syncytia as well as non-syncytia inducing HIV in semen and 
semen-specific envelop amino acid variation could not be detected. Further, it 
was shown that the selective HIV transmission could occur in the recipient. 
Animal studies demonstrated the selective transmission of specific envelop 
variants in vaginal inoculations but not in intravenous or anal inoculations 
(Gao et al. 1994; Xu et al. 1997; Neildez et al. 1998). Amino acid sequences of 
envelop have been used to define geographically distinct subtypes of HIV, which 
are known as clades. More than 50% of world’s infection arose from clade 
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C. Whereas epidemic in the United States and Western Europe was caused by 
clade B and the epidemic of Thailand resulted from infection by HIV clade E 
(Martin-Serrano et al. 2003). 


4.6 Mechanism of Pathogenesis 


The mechanism of HIV pathogenesis is mainly deciphered from in-vitro studies, 
nonhuman primate models and subtype B viruses. 

The life cycle of HIV is complex event; its outcome is dependent on activation 
state and target cell type. During the early stages of infection, HIV enters into the 
host cell without any lethal damage, but its entry stimulates intracellular signal- 
ing events, which often facilitates the replication of virus. The entry of HIV in 
target cells is initiated by interaction between viral envelop glycoprotein gp120 
and CD4 cell surface receptor. Simultaneous interaction of chemokine co-recep- 
tors (e.g. CCR5, CXCR4) with gp120 triggers the fusion of viral and host mem- 
brane that results in irreversible pore formation. HIV release its core in target 
cell’s cytoplasm through pore and after dismantling of core, ssRNA of virus is 
reverse transcribed into cDNA (provirus) by its own reverse transcriptase 
enzyme. Since viral reverse transcriptase enzyme is error prone due to lack of 
proofreading activity, it produces related yet distinct variants of proviruses. HIV 
integrase enzyme facilitates the integration of proviruses into gene rich DNA of 
host’s chromosome with the help of host DNA repair enzymes. Upon cellular 
activation, proviruses transcribe into messenger RNA. 

During the early phase of transcription, regulatory gene like tat and rev tran- 
scribe first, and results in expression of Tat and Rev proteins. Tat binds at TAR 
site (Transactivation Response Element) at 5’ LTR region of HIV RNA in the 
nucleus and stimulates the transcription of longer transcripts. Rev mediates the 
export of these longer unspliced or singly spliced messenger RNA (mRNA) from 
the nucleus to cytoplasm, where host machinery translates viral mRNA into 
structural polyproteins. Gag-pol polyproteins are cleaved by HIV protease into 
functional gag proteins (P7, P9, P17, and P24) and pol proteins (RT, IN, and PR). 
Large envelope glycoprotein gp160 is also processed by PR into gp41 and gp120. 
Gag and Pol proteins form the nucleus of the virus whereas gp120 and gp41 form 
the spikes of the viral envelop. These viral proteins are transported in the vicinity 
of infected cells’ membrane to initiate assembly of progeny virions. HIV egresses 
from cells by hijacking vesicular sorting pathways, which generally mediate the 
budding of endosomes into multivesicular bodies (Cantin et al. 2005; Bieniasz 
2006) (Figure 4.2). HIV virions incorporate cytoplasmic molecules and lipid 
bilayers from producer cells during egress. These incorporated host factors helps 
the virus to escape host immunity and shape the replication in the next infection 
cycle (Connor et al. 1997). 

Independent of all transmission routes, most new HIV infections utilize 
CCR5 chemokine co-receptors and in late stages, the virus changes its tropism 
and start utilizing CXCR4 co-receptor. This change in tropism of virus is asso- 
ciated with increased pathogenesis and disease progression (Greenwald et al. 
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Figure 4.2 HIV life cycle. (See color plate section for the color representation of this figure.) 


2006). Continuous HIV replication cycle causes the gradual destruction of 
naive and memory CD4* T lymphocytes, which leads to the onset of acquired 
immunodeficiency syndrome (AIDS) when CD4* T-cell counts drop below 
200mm. 


4.7 Diagnosis of HIV Infections 


HIV infections are diagnosed based on the detection of viral antigen (p24), 
specific antibodies against virus, or both. These tests are generally based on sero- 
logical methods. Development of rapid antibody-based detection assay is a major 
advancement for faster diagnosis. This assay provides the result in as little as 
20 minutes and accepts broad-specimen samples like serum, plasma, saliva, and 
whole blood (Berger et al. 2005). The serological assays are unable to detect the 
samples collected in the window period of seronegativity and in children below 
18 months of age who might have maternal HIV antibodies. Under these circum- 
stances, direct viral particle detection remains the only choice by viral RNA 
quantification or p24 antigen estimation. Classification of staging of disease is 
done by quantification of CD4* cells and viraemia. Success of ARTs is generally 
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monitored by plasma viral loads. Estimation of CD4* cells in HIV patients reveals 
the levels of immunodeficiency, whereas plasma viral load determines the rate 
of immune destruction. CD4* cell count, along with clinical manifestations 
(e.g. Opportunistic co-infections) always remain the key for classification of 
HIV infections. Though CD4* cell count and plasma viral load estimation are 
advanced tools for diagnosis of HIV infection, the need of sophisticated 
approaches for this purpose remains a big limitation in speedy diagnosis (Mohri 
et al. 2001; Uttayamakul et al. 2005). 


4.8 Therapeutics 


4.8.1 Antiretroviral Therapies (ARTs) 


ARTs provide the best option to reduce morbidity and mortality in HIV-infected 
patients. Though these therapies do not eradicate virus completely, they grant 
longer survival of patients and better management of disease. Currently, 26 US 
Food and Drug Administration (US FDA) approved drugs are available as anti- 
retroviral (ARV) agents as a single drug that targets four distinct classes of 
proteins viz. reverse transcriptase, protease, integrase, and host cell receptors. 
Conventional classes of anti-retroviral drugs are the protease inhibitors (PIs), 
nucleoside reverse transcriptase inhibitors (NRTIs), and nonnucleoside reverse 
transcriptase inhibitors (NNRTIs). Nonconventional approved drug groups 
include chemokine co-receptor (CC) antagonist, integrase inhibitors, and fusion 
inhibitors (Desai et al. 2012) (Table 4.1). The optimal ARTs are achieved by 
administration of three or more ARVs to achieve normal turnover of CD4* and 
CD8* T cells. Potent, well-tolerated, longer half-life, and simplified-regimen 
ARVs improve the first- and second-line chemotherapeutic intervention against 


Table 4.1 Available anti-HIV drugs. 


Protease Integrase 
SN NRTIs NNRTIs Inhibitors Inhibitors Entry Inhibitors 
1 Zidovudine Nevirapine Ritonavir Raltegravir Enfuvirtide 
2 Stavudine Rilpivirine Indinavir Dolutegravir Maraviroc 
3 Tenofovir Efavirenz Atazanavir 
4 Emtricitabine Delviradine Nelfinavir 
5 Zalcitabine Etravirine Darunavir 
6 Abacavir Fosamprenavir 
7 Lamivudine Delviradine 
8 Didanosine Tipranavir 
9 Amprenavir 


NRTIs = Nucleoside Reverse Transcriptase Inhibitors, NNRTIs = Non Nucleoside Reverse 
Transcriptase Inhibitors. 
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HIV infections (Mocroft et al. 1998). Since the patients treated with available 
ARVs during past decades harbor resistant strains of HIV, there is urgent need to 
develop new antiviral drugs to tackle the situation. 


4.8.2 Combinational ARTs 


Low fidelity of reverse transcriptase and high replication rate of virus causes the 
emergence of HIV-quasispecies (nonidentical but related viruses). Quasispecies 
display high genetic variability that results in decrease efficacy of available 
ARVs. This emergency gave rise to rationale of highly active antiretroviral 
treatment (HAART) for better management of the disease. HAART includes 
combination of multiple potent ARVs that suppresses the viral replication to 
very low levels. HAART significantly delays the emergence of drug resistant 
variants of HIV. HAART therapy results in increase in CD4" T cells that lead to 
immune reconstitution, which reverts the clinical immunodeficiency (Hogg 
et al. 1998; Mocroft and Lundgren 2004; Simon et al. 2006). Though the best 
time to start HAART therapy in asymptomatic patients (having modest virae- 
mia and modest CD4" T cell depletion) remains controversial, multiple studies 
argue to start the therapy as early as possible to avoid severe immunodeficiency 
(Sibbald 2003; Mehandru et al. 2005). However, HAART therapy is quite suc- 
cessful in better management of disease, but drug associated cytotoxicities 
(hepato, mitochondrial and renal toxicity) and treatment cost limits the wide 
application of this therapy. 


4.9 Conclusion 


The available data strongly suggests that transmission of HIV occurs only 
through sexual acts, contaminated blood/blood product transfusion, and perina- 
tal and parenteral events. However, the probability of HIV transmission by other 
route remains doubtful and difficult to prove scientifically in absolute terms. 
Accumulated data indicate that transmission of HIV is not highly efficient and 
infection does not occur in single or few exposures, unless a very high amount of 
inoculum is transferred from one person to another. Preventing the transmission 
of HIV infections remains one of the major challenges of twenty-first century. 
Overwhelming evidences indicates that STDs that causes mucosal inflammation 
and injuries increase the susceptibility of HIV infections. India, China, Russia, 
and Eastern European countries have experienced increased prevalence of HIV 
infections and STDs recently (Kelly and Amirkhanian 2003). Keeping this in 
view, STDs treatment must be an integral part of HIV prevention schemes. 
Though the currently available ARV drugs are highly effective, they exhibit cyto- 
toxicity, drug—drug interaction, inconvenient lifelong dosages, and emergence 
of MDR HIV strains. New additions to existing ARVs offer new hope for treat- 
ment-naive and experienced HIV patients. However, none of the available ARVs 
offer complete eradication of virus. Incomplete efficacy of current ARVs imposes 
urgent demand for the development of novel classes of ARV drugs to combat 
resistant HIV strains. Since sexual transmission of HIV is highly diminished by 
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ARV intervention, ARVs are highly recommended for pre-exposure prophylaxis 
to prevent HIV transmission (Desai et al. 2012). Although multiple ARVs of 
novel classes are under investigation, development of effective ARVs or HIV vac- 
cine remains a big challenge. 
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5.1 Introduction 


Genital herpes, one of the most common sexually transmitted diseases, is a 
global medical problem with significant physical and psychological morbidity. 
The disease is caused by herpes simplex virus type 1 (HSV-1) or type 2 (HSV-2) 
and can be manifest as primary and/or recurrent infection. In medical practice 
the management of patients with genital herpes is often unsatisfactory. However, 
it may be improved through competent counseling of patients and correct imple- 
mentation of existing methods for laboratory diagnosis, antiviral treatment, and 
prevention. This chapter provides an overview about the fundamental knowl- 
edge on the etiological agent, its epidemiology, and infection. In addition, the 
current possibilities of laboratory diagnosis and antiviral treatment of genital 
herpes as well as the current options for preventing the disease by hygiene or 
other prophylactic measures are presented. This chapter also informs on research 
concerning alternative antivirals and effective prophylactic or therapeutic 
vaccines to improve the management of genital herpes disease in the future. 


5.2 Pathogen 


HSV-1 and HSV-2 are members of the genus Simplexvirus within the subfamily 
Alphaherpesvirinae and the family Herpesviridae. With a size of 150-200nm, 
both HSV-1 and HSV-2 are enveloped DNA viruses that are sensitive to disin- 
fectants and environmental influences. The double-stranded DNA genome with 
a length of 152kb encodes more than 80 different structural and nonstructural 
proteins. The icosahedral capsid consisting of 162 capsomers surrounded by a 
lipid envelope comprising host-cell components and virus-encoded glycopro- 
teins. The replication of herpesviruses, mainly taking place within the cellular 
nucleus, is a complex three-step cascade-like process with sequential expression 
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of a, B, and y genes. Numerous biological similarities and antigenic cross-reactions 
exist between HSV-1 and HSV-2 due to marked genetic homology between both 
viruses. Virus type-specific epitopes include the viral glycoproteins (g) gG 
(HSV-1 and HSV-2) and gC (HSV-1) (Bergström and Trybala 1996; Scheper 
et al. 2010). 


5.3 Epidemiology 


Primary infections with HSV-1 are mostly dependent on socioeconomic status 
during childhood, after maternal antibodies have disappeared usually during the 
second half of the first year of life. Current seroprevalence data from Germany 
reveal an increase of anti- HSV-1 IgG to approx. 20% by the age of 2-3 years, to 
57% among 10-12 year-olds, approximately 70% by the age of 16-18 years, and 
around 80% in adults aged 28—30years. From the age of 40 years and onward, 
HSV-1 seroprevalence rates of >85—90% can be assumed (Sauerbrei et al. 2011). 
Because HSV-2 is mainly transmitted through sexual intercourse, the over- 
whelming majority of primary infections are acquired after puberty. In Germany, 
HSV-2 seroprevalence rises from about 3% in children aged 10-15 years to 7% 
among 16- to 18-year-olds and to 14% among adults (Sauerbrei et al. 2011). 
Higher seroprevalences have been found among people who are infected with 
the human immunodeficiency virus (HIV), regularly change sexual partners, and 
among homosexual men (Smith and Robinson 2002). Several studies found sig- 
nificantly higher prevalence of anti-HSV-2 IgG among women than men 
(Wutzler et al. 2000; Sauerbrei et al. 2011). It has been suggested as a possible 
reason that men appear to have a higher tendency of asymptomatic HSV-2 infec- 
tion than women, resulting in higher rates of male to female viral transmission 
(Langenberg et al. 1999). Changes in seroepidemiology of HSV-1 have been 
reported during the past few decades. The overall seroprevalence decreased 
among children in the United States (US) between the 1980s and 2000s (Xu et al. 
2007), and reduced incidences during childhood and adolescence have been 
reported in several European countries (Sauerbrei et al. 2011, Puhakka et al. 
2015). As a consequence, the number of primary HSV-2 infections and the pro- 
portion of genital diseases caused by primary HSV-1 infections through oral sex 
among adolescents and adults may increase. It is known that genital HSV-2 
infections increase the risk of acquiring HIV (Freeman et al. 2006). 


5.4 Pathogenesis and Immunity 


People with clinically apparent genital herpes or with asymptomatic viral shed- 
ding can transmit the virus to their sexual partners. This occurs via direct contact 
during sexual intercourse. Following skin or mucosa contact, HSV enters epithe- 
lial cells and initiates cytolytic replication. The virus may spread via the lymphatic 
system to regional lymph nodes, and it may follow a short viremia. However, in 
immunocompetent people the viral spread is restricted by a functioning immunity. 
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In recent years, an increased incidence of primary genital HSV-1 infections has 
been described in the United States among adolescents and young adults, result- 
ing from oral sex (Roberts et al. 2003). 

HSV has a low environmental stability that only allows infectivity on moist 
surfaces for several days (Sauerbrei 2014). Therefore, it can be assumed with 
adequate certainty that modes of transmission other than sexual intercourse do 
not play a significant role in case of normal personal hygiene measures, with the 
exception of intrauterine viral transmission. In pregnant women, both primary 
and recurrent HSV infections may result in intrauterine viral transmission and 
rarely in congenital infection. Besides abortion or stillbirth, the diseases associ- 
ated with fetal infection are mostly characterized by lesions of the skin and eye 
and/or neurological symptoms (Sauerbrei and Wutzler 2007). Viral transmission 
to the child via the mother’s genital tract during labor is regarded as the most 
common cause of neonatal infection, mostly caused by HSV-2, with a worse 
prognosis than for HSV-1 (Rudnick and Hoekzema 2002). In the United States, 
the incidence of neonatal HSV infections has been calculated at 5-31 per 100,000 
live births (Anzivino et al. 2009). The highest risk is in case of perinatal maternal 
primary HSV infection, but most neonatal infections occur around the birth, if 
the virus is excreted asymptomatically through the genital tract. Disease mani- 
fests as localized infection of skin, eyes, and mucous membranes, or neurological 
or disseminated systemic infection (Kohl 1997). 

Following primary disease, HSV-1 and HSV-2 establish lifelong latency in sen- 
sory neural ganglia. After primary genital infection, the sacral ganglia are mainly 
involved. From here, viruses may reactivate, followed by neural anterograde 
transport and recurrent infections. Viral reactivations, triggered by multiple 
environmental and physiological factors such as fever, ultraviolet light, stress, or 
trauma (Perna et al. 1987), are common in case of immunogenetic predisposi- 
tion, but their prevalence drops with age. Endogenous viral reactivations may 
result either in recurrent genital herpes or in asymptomatic virus shedding. 
Genital recurrences occur mostly due to HSV-2, since HSV-1 reactivates much 
less frequently (Engelberg et al. 2003). Detailed mechanisms of HSV latency and 
endogenous virus reactivation are currently unknown. The viral genomic DNA 
persists in human ganglia in a nonintegrated form, most likely as circular epi- 
some (Efstathiou et al. 1986). For the maintenance of viral latency, the latency- 
associated transcripts expressed by the virus seem to be of crucial significance 
(Zwaagstra et al. 1990). The HSV reactivation has been hypothesized as a epige- 
netically regulated process consisting of the following three steps: (i) animation 
of latent virus genome by reactivation stimuli followed by full transcription of 
viral genes, (ii) exit from latency with the classical transcription of a, B, and y 
genes, critically dependent on the function of HSV-1 VP1, and (iii) production 
and release of infectious virus (Kennedy et al. 2015). 

In general, cell-mediated immunity seems to be most important to control 
HSV replication (Koelle et al. 2001). However, vaccination studies have shown 
that specific antibodies are most likely the dominant mediators to protect against 
primary infection, while cellular immunity is probably the crucial factor for the 
control of recurrences (Sauerbrei 2016). Because of partial cross-immunity 
between HSV-1 and HSV-2, primary genital HSV-2 infection may follow an 
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asymptomatic course in persons with previous HSV-1 infection, and vice versa. 
Clinically apparent HSV reinfections seem to be a rare event in immunocompe- 
tent individuals (Roest et al. 2004). 


5.5 Clinical Features 


HSV has been regarded as the most common cause of sexually transmitted infec- 
tions leading to ulcers (Wagenlehner et al. 2016). However, the clinical features 
do not allow a type-specific diagnosis. Primary genital HSV-1 or HSV-2 infec- 
tions mostly remain asymptomatic and are not associated with clinical symp- 
toms (Bernstein et al. 2013). Moreover, affected patients can develop atypical 
clinical presentations. The classic clinical primary genital herpes appears as 
maculae and papules, followed by vesicles, pustules, and ulcers, usually arising 
four to sevendays after sexual exposure and lasting up to three weeks (Corey 
et al. 1983). In most symptomatic cases, lesions are presented on the external 
genitalia, characterized by bilateral clusters. In addition, lesions can be localized 
in the perianal region, on the buttocks, or upper thighs. Pain, itching, burning, 
and dysuria are the typical patients’ symptoms. Genital lesions after primary 
infection may be accompanied by lymphadenopathy, fever, and cervicitis in 
women, or proctitis in homosexual men. Compared to men, the disease is often 
more severe in women, also including the prevalence of complications such as 
aseptic meningitis and urinary retention. 

Several authors differentiate between initial primary and initial nonprimary 
genital infection. “Initial primary infection” is defined as the first virus exposure 
in anti-HSV-1/2 IgG-negative persons, and “initial nonprimary infection” means 
the first HSV-1 or HSV-2 infection in persons having IgG antibodies from previ- 
ous infection with the other virus type than the one causing acute infection. Due 
to cross-reaction of antibodies against HSV-1 and HSV-2, initial nonprimary 
genital infections may usually lead to milder symptoms than initial primary 
infections. 

Nearly all persons with symptomatic primary HSV-2 infection of the genital 
tract also develop recurrences. Out of these people, more than one-third has 
frequent recurrences (Bennedetti et al. 1994). By contrast, the genital recurrence 
rate associated with HSV-1 is five times lower in the first year of infection, and 
there is a considerably more rapid decrease over time (Engelberg et al. 2003). 
Prodromal symptoms of recurrences often present paresthesia and pain in the 
area of lumbosacral dermatomes (Gupta et al. 2007). Typically, the disease is less 
severe and has a shorter duration than primary infection. Men usually have a 
small number of vesicles, and female infection causes ulcerating-vesicle genital 
lesions or merely vulvar irritation lasting about 8—10 days. A third of patients 
have been estimated to have more than six recurrences per year (Whitley and 
Roizman 2001). Asymptomatic genital shedding of the virus is most frequent in 
HSV-2-seropositive individuals. Studies have shown that nearly 90% of these 
persons have shedding episodes over time, while shedding of HSV-1 has only 
been reported in rare cases (Hofstetter et al. 2014). Especially young women who 
are exposed to severe psycho-social stresses in work and family are affected by 
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frequent recurrences in genital herpes disease. Conversely, genital herpes often 
results in significant psychosocial disturbances in the affected individuals and 
their sexual partners. 


5.6 Diagnosis 


Samples potentially positive of HSV must be transported to the laboratory as 
UN 3373 category B, risk group 2 hazardous substances (Sauerbrei 2014). The 
primary vessel containing the patient sample must be sent in a covering 
tube within a labeled transport container (cardboard box) with adsorbing 
material. In general, samples can be shipped at room temperature unless the 
material is intended for virus isolation in cell culture, in which case cooling is 
recommended. 

The gold standard for the laboratory diagnosis of acute genital HSV infec- 
tion or asymptomatic virus shedding is the direct detection of the virus. 
Method of choice is the detection of viral genomes in swabs of skin or mucous 
membranes using the polymerase chain reaction (PCR) (Deutsche STI- 
Gesellschaft 2015). The best swab material is the content of vesicles. The 
sample should be sent in a special viral transport medium or in physiological 
saline solution. In the presence of complications involving other organs, the 
examination of liquor, tissue samples, bronchoalveolar lavage, amniotic fluid, 
intraocular fluid, serum, or ethylenediaminetetraacetic acid blood should be 
sent to the laboratory. The PCR test used should be able to differentiate 
between both types of HSV (Sauerbrei et al. 2000). Various in-house PCR 
assays and commercially available kits are used (LeGoff et al. 2014). The sen- 
sitivity of PCR has been calculated at >98% independent of the qualitative or 
quantitative method used, and the specificity amounts to almost 100% 
(LeGoff et al. 2014). In consideration of these data and the reduced stability 
of viral DNA, when samples are stored for a few days at temperatures over 
20°C, a negative PCR result does not entirely exclude HSV infection. Thus, 
current guidelines recommend an antiviral treatment when typical clinical 
genital herpes symptoms are present regardless of laboratory results (Patel 
et al. 2011, Workowski et al. 2015). Alternatively, acute genital HSV infection 
or asymptomatic viral shedding can also be diagnosed by isolation of the 
virus in tissue cultures (Patel et al. 2011). Typing of viral isolates is performed 
by immunofluorescence using appropriate fluorescein-labeled HSV sero- 
type-specific monoclonal antibodies. Virus isolation in cell culture is regarded 
as sensitive method of detecting HSV, since both HSV-1 and HSV-2 grow 
well in various cell types, such as diploid human embryonic fibroblasts or 
permanent Vero cells and HEp-2 cells. However, in view of its higher sensitiv- 
ity (Wald et al. 2003), PCR technique is rightly used as the method of choice 
in many laboratories. Virus growth in cell culture can be especially helpful 
when testing of resistance phenotype against antiviral drugs is required. 
Direct detection of HSV antigen using commercially available immunofluo- 
rescence tests is a commonly used and economic diagnostic method provid- 
ing results within a few hours. One should, however, be aware that sensitivity 
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and specificity are reduced (Sauerbrei et al. 1999; Wagenlehner et al. 2016). 
It must be remembered that all methods for direct detection of HSV do not 
differentiate between primary and recurrent infection and asymptomatic 
virus shedding. 

The determination of virus-specific antibodies for confirmation of HSV 
infection is widely used in clinical practice. However, compared to direct viral 
detection, serology is of limited value for the diagnosis of acute HSV infection. 
Detection of HSV-specific antibodies is mainly useful for confirming serocon- 
version of IgG following primary infection. This can be of particular value in 
the diagnosis of primary HSV-2 infections in the context of antenatal care. A 
negative result in anti-HSV IgG testing excludes recurrent HSV infection. 
Virus-specific IgG antibodies can be differentiated into anti-HSV-1 and anti- 
HSV-2 IgG. Because of the close relationship of HSV-1 and HSV-2, this is only 
possible using enzyme-linked immunosorbent assay (ELISA) or immunoblot 
on the basis of HSV-1 gG-1 or gC-1, and HSV-2 gG-2 (Bergstrom and Trybala 
1996; Scheper et al. 2010). For interpretation of results, it is important to con- 
sider that there is partial cross-immunity between HSV-1 and HSV-2. The 
significance of HSV type-specific IgG lies in the fact that it allows rapid, reli- 
able, and cost-effective identification of HSV-2 carriers who potentially shed 
the virus (Swiss Herpes Management Forum 2004; Workowski et al. 2015). 
Thus, a patient with positive anti-HSV-2 IgG can be regarded as a potential 
virus shedder and transmitter who may also suffer from anogenital HSV infec- 
tion. If an initial serum sample is available from the early stage of genital her- 
pes, primary infection can be differentiated from recurrent one through the 
detection of virus type-specific DNA via PCR technique in combination with 
virus type-specific IgG antibodies (Brown 2002). As an example, when genital 
swab is positive for HSV-2 in a pregnant woman up to a few weeks before 
delivery, primary genital herpes can be differentiated from a recurrence using 
HSV-2-specific IgG, since it lasts about 7-10 days until specific IgG is detect- 
able after primary infection. This diagnosis of primary HSV infection is of 
great significance especially in the late pregnancy, since the risk of neonatal 
herpes with severe course is many times higher following primary compared 
to recurrent genital herpes. Although HSV type-specific antibody tests have 
been commercially available for more than two decades, they are used seldom 
in many countries despite the above-mentioned advantages. Most laborato- 
ries only offer type-common HSV antibody tests (Zahariadis and Severini 
2010; Bentley et al. 2012). Testing of IgG avidity can also realize differentiating 
between primary and recurrent infections. However, experience with this 
method is limited to date (Hashido et al. 1997). The detection of anti-HSV 
IgM is of limited significance for early confirmation of acute HSV infection. 
False-positive IgM results are possible due to cross-reactivity with other her- 
pes viruses, e.g. the varicella-zoster virus. For confirmation of acute HSV 
infection, only type-common HSV IgM tests with high sensitivity and speci- 
ficity are recommended (Liermann et al. 2014). It must however be noted that 
the positive predictive value of anti-HSV IgM is low, and detection of IgM 
does not allow differentiation between primary and recurrent infection. This 
means that although IgM is usually positive following primary infection, it can 
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also be positive in recurrent ones, independent of clinical symptoms. The 
rather unreliable measurement of HSV type-specific IgM antibodies should 
be avoided in clinical practice (Liermann et al. 2014). Table 5.1 gives an over- 
view of significant virological and serological findings for the laboratory diag- 
nosis of primary or recurrent genital HSV infections and asymptomatic viral 
shedding. 


Table 5.1 Interpretation of laboratory findings for diagnosis of HSV infection in correlation 
with symptoms of genital herpes. 


PCR HSV serology 
Clinical HSV-1/2 HSV-1 HSV-2 Interpretation/status 
signs HSV-1 HSV-2 IgG IgG IgG of infection 
Primary pos. neg. neg. neg. neg. Acute HSV-1 infection 
genital pos. neg. pos. neg. pos. Acute HSV-1 infection, HSV-2 
herpes l 
atency 
neg. pos. neg. neg. neg. Acute HSV-2 infection 
neg. pos. pos. pos. neg. Acute HSV-2 infection, HSV-1 
latency 
Recurrent pos. neg. pos. pos. neg. Recurrent HSV-1 infection 
DHe pos. neg. pos. pos. pos. Recurrent HSV-1 infection, HSV-2 
erpes latency 
neg. pos. pos. neg. pos. Recurrent HSV-2 infection 
neg. pos. pos. pos. pos. Recurrent HSV-2 infection, HSV-1 
latency 
No genital neg. neg. neg. neg. neg. Seronegativity, susceptibility 
herpes neg. neg. pos. pos. neg. Past HSV-1 infection (HSV-1 
lesions 1 
atency) 
neg. neg. pos. neg. pos. Past HSV-2 infection (HSV-2 
latency) 
neg. neg. pos. pos. pos. Past HSV-1 and HSV-2 infection 
(HSV-1 and HSV-2 latency) 
pos. neg. pos. pos. neg. Asymptomatic shedding of HSV-1, 
past HSV-1 infection (HSV-1 
latency) 
neg. pos. pos. neg. pos. Asymptomatic shedding of HSV-2, 
past HSV-2 infection (HSV-2 
latency) 
pos. neg. pos. pos. pos. Asymptomatic shedding of HSV-1, 
past HSV-1 and 2 infection (HSV-1 
and 2 latency) 
neg. pos. pos. pos. pos. Asymptomatic shedding of HSV-2, 


past HSV-1 and 2 infection (HSV-1 
and 2 latency) 
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5.7 Treatment 


Table 5.2 provides a summary of drugs and their dosages for the antiviral therapy 
of genital herpes according to important current guidelines (Patel et al. 2011; 
Public Health Agency of Canada 2013; German STI-Society 2015; Workowski 
et al. 2015). Standard first-line drugs include the acyclic nucleoside analogs (De 
Clercq 2013) acyclovir, valacyclovir, and famciclovir. Their specific antiviral 
activity is based on their phosphorylation to monophosphates by the key enzyme 
of HSV-1 and HSV-2, the thymidine kinase (TK). Following subsequent phos- 
phorylation via di- to triphosphate forms by cellular enzymes, the triphosphate 
nucleoside analogs inhibit and fixate the viral DNA polymerase by incorporation 
as “false” enzyme substrates into the growing DNA chain. In the case of acyclo- 
vir/valacyclovir, this will result in chain termination, since hydroxyl groups in the 
3’ position, which are essential for further linkage, are missing. Famciclovir may 
be incorporated into the growing DNA chain. 

Acyclovir is the first-choice antiviral agent for the treatment of HSV infections 
including genital herpes. However, the oral bioavailability is only 15-30%. 
Infections of the skin and mucous membranes, including genital herpes, are 
treated orally in immunocompetent people. Severe HSV diseases, particularly in 
immunodeficient patients, should be treated with intravenous (i-v.) acyclovir. 
Dosage of acyclovir for the treatment of genital herpes is dependent on infection 
status, immune competence, and a possible pregnancy. If recurrences of genital 
herpes occur with a frequency of more than four (Le Cleach et al. 2014) to six 
episodes annually (Patel et al. 2011; Public Health Agency of Canada 2013; 
German STI-Society 2015; Workowski et al. 2015), long-term treatment (proph- 
ylaxis) to suppress clinically apparent infections should be considered. The ben- 
efits of this antiviral prophylaxis have been proven particularly during pregnancy 
(Hollier and Wendel 2008). In genital herpes, topical acyclovir is only recom- 
mended for mildly symptomatic infections. Acyclovir is officially not licensed for 
use during pregnancy, and administration should be avoided particularly before 
the fifteenth week of gestation (Sauerbrei 2014). However, results from the preg- 
nancy registries published by one manufacturer of acyclovir and the US Centers 
for Disease Control and Prevention (CDC) (Stone et al. 2004) as well as findings 
of a Danish retrospective cohort study (Pasternak and Hviid 2010) have not 
shown an increased rate of congenital anomalies after oral and topical use of 
acyclovir. Because these data are not sufficient for general approval, particularly 
in early pregnancy, pregnant women must be informed about the limited infor- 
mation on use in pregnancy (off-label use). Following i.v. acyclovir administra- 
tion, occasional side effects of the central nervous system have been described, 
and oral acyclovir may produce gastrointestinal side effects. Nephrotoxic sub- 
stances should not be administrated concurrently, and both renal and liver labo- 
ratory parameters should be monitored if i.v. acyclovir is used. 

Valacyclovir is a prodrug (L-valyl ester) of acyclovir and is therefore especially 
suitable for oral administration. After ingestion, valacyclovir is converted to acy- 
clovir by the hepatic enzyme valacyclovir hydrolase. Valacyclovir has an oral bio- 
availability of 54%, achieving effective concentrations three to four times higher 
than oral acyclovir. This allows increased dose intervals and results in higher 


Table 5.2 Antiviral treatment of genital herpes. 


Disease/type of treatment 


Acyclovir 


Valacyclovir 


Famciclovir Foscarnet 


Primary genital herpes 


Severe primary genital herpes 


Primary genital herpes during 


pregnancy" 


Recurrent genital herpes (<5-6 
recurrences per year)” 


Recurrent genital herpes during 


pregnancy 


Preventive treatment before 


pregnancy 


Suppressive therapy (25-6 
recurrences of genital herpes 


per year)‘ 


Recurrent genital herpes with 


acyclovir resistance 


3x 400 mg p.o. dail 
5x 200 mg p.o. dail 


ly, 7-10 days 
ly, 7-10 days 


3x 5mgkg' i.v. daily, 5-7 days, 10 days 
for immunosuppressed 


5x 200 mg p.o. dail 


2x 800 mg p.o. dail 
3x 400 mg p.o. dail 
3x 800 mg p.o. dail 
3x 400 mg p.o. dail 


from 36th gestatio: 


2x 400 mg p.o. dail 


2x 400 mg p.o. dail 
4x 200 mg p.o. dai! 


ly, 10 days 


ly, 5 days 
ly, 5 days 
ly, 2days 


nal week to delivery 
ly, max. 6months® 


ly, max. 6months® 


ly, max. 6months® 


ly, 10 days; preventive: 


2x 500 mg p.o. daily, 7-10 days 


2x 500mg 


.0. daily, 3 days 


1x 1000 mg p.o. daily, 5 days 


2x 250mg 
preventive: 
week to de 


.0. daily, 3 days; 
from 36th gestational 
livery 


1x 500mg 
6months? 


.0. daily, max. 


3x 250 mg p.o. daily, 
7-10 days 


2x 125mg p.o. daily, 5 days 
2x 1000 mg p.o. daily, 1 day 


2x 250 mg p.o. daily, max. 
6months° 


3x 40 (-80) mgkg` iv. 
daily, until clinical 
improvement 

(max. 20 days)! 


“Acyclovir is not licensed during pregnancy (off-label use). Use should be avoided particularly before the 15th week of gestation. 
>Mild diseases can also be treated topically with acyclovir or foscarnet, but this is especially not adequate during pregnancy. 

“In immunosuppressed patients (e.g. HIV), higher doses, longer treatment, and acyclovir i.v. may be necessary. 
According to a Cochrane study (Le Cleach et al. 2014), suppressive therapy may be already indicated after at least four recurrences per year. 

“Application for longer than sixmonths is possible in appropriate indications (e.g. HIV). Preconditions for suppressive therapy: monthly control of renal and liver laboratory parameters. 
‘Alternative treatment: cidofovir (5 mgkg"! i.v. 1x weekly, later 2x weekly, off-label use); 1% foscarnet cream or 1% cidofovir gel topically. 
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compliance. Valacyclovir is also recommended for standard antiviral treatment 
of genital herpes in immunocompetent patients. Furthermore, studies have 
shown its efficacy for viral suppression and prevention of symptomatic recurrent 
genital herpes (Hollier and Wendel 2008). Valacyclovir is not licensed for antivi- 
ral treatment in children since its efficacy and safety profiles have not yet been 
adequately studied in these population. This applies to pregnancy, too, as there 
are also little data on its safety in pregnant women (Pasternak and Hviid 2010). 
Possible side effects are similar to those of oral acyclovir. 

Famciclovir is the inactive diacetyl ester prodrug of the acyclic nucleoside 
analog penciclovir, which is only topically effective. Penciclovir arises from fam- 
ciclovir after cleavage of two ester groups in the small bowel and liver. After oral 
application, the bioavailability of famciclovir is 77%. Famciclovir is also regarded 
as one of the standard antiviral drugs for treatment of genital herpes, along with 
acyclovir and valacyclovir. Equally, it is not licensed for use in children and ado- 
lescents, immunosuppressed patients under the age of 25 years, or in pregnant 
women. It should therefore not be used as the treatment of choice during preg- 
nancy (Kang et al. 2011). In rare cases, famciclovir can cause headaches, nausea, 
and confusion. 

Following prolonged use of acyclovir/valacyclovir, resistance — including 
cross-resistance to famciclovir — may develop in up to 5% of immunosup- 
pressed or HIV-positive patients with genital herpes (Reyes et al. 2003; 
Danve-Szatanek et al. 2004). The pyrophosphate analog foscarnet is recom- 
mended as alternative drug (Wagenlehner et al. 2016), if there is no clinical 
improvement within 10 days of acyclovir (valycyclovir/famciclovir) therapy. 
Laboratory phenotypic and/or genotypic resistance testing should be per- 
formed to confirm the clinical treatment failure (Sauerbrei et al. 2016). In 
contrast to the determination of resistance by phenotypic methods, results of 
genotypic resistance testing are available within a few days and are therefore 
highly relevant for making rapid antiviral therapeutic decisions. Foscarnet 
inhibits the viral DNA polymerase of numerous DNA and RNA viruses by 
suppression of pyrophosphate exchange. Because foscarnet does not need to 
be metabolized in order to inhibit viral replication, it is also effective against 
TK-negative HSV strains resistant to nucleoside analogs. Important side 
effects include renal dysfunction and toxin-induced ulcers of the urogenital 
mucous membranes. The three times daily i.v. administration of foscarnet 
requires obligatory hospital admission, but off-label use of cidofovir i.v. once 
to twice weekly provides an additional alternative for acyclovir-resistant gen- 
ital herpes infections. 

Cidofovir is exclusively licensed for treatment of cytomegalovirus retinitis in 
HIV-positive patients, but it is also effective against HSV. Marked nephrotoxicity 
and a lack of clinical experience with its use in treating HSV diseases are signifi- 
cant barriers to the use of cidofovir in clinical practice. Important contraindica- 
tions having to be considered include renal dysfunction, hypersensitivity, 
pregnancy, and breastfeeding. When side effects or contraindications preclude 
the use of systemic foscarnet (or cidofovir) in a patient with acyclovir-resistant 
genital herpes, topical application of 1% foscarnet cream or 1% cidofovir gel may 
provide an effective alternative (Patel et al. 2015). 


Genital Herpes 


In a randomized clinical trial, the CS 21 barrier genital gel was compared to 
topical acyclovir in patients with symptoms of genital herpes recurrences 
(Khemis et al. 2013). Because this gel was more effective in time to heal, pain 
relief, and improvement of subjective symptoms, the authors offer this product 
as an alternative in topical management of recurrent genital herpes usually asso- 
ciated with mild symptoms. 

The helicase blockers, a new class of antiviral drugs that is currently still in 
clinical development and testing, may significantly improve the treatment of 
genital herpes in future. So far, effective inhibition of HSV replication has been 
demonstrated in cell cultures, animal models, and initial clinical studies without 
evidence of major side effects. It is thought that helicase blockers bind to the 
helicase-primase complex, a protein component essential for virus replication, 
effectively inhibiting DNA synthesis and thus viral replication. Indeed, better 
results have been achieved in vitro and in vivo compared to acyclovir and valacy- 
clovir. For oral pritelivir (BAY 57-1293, AIC316), a significant reduction of clini- 
cal symptoms/HSV-2 shedding and superiority over valacyclovir have been 
shown in genital herpes patients (Wald et al. 2014, 2016). Helicase blockers have 
also been reported to be effective against acyclovir- resistant HSV strains (Collot 
et al. 2016). 


5.8 Prevention and Control 


To date there is no licensed vaccine against genital herpes, despite research 
ongoing for a number of decades. “Therapeutic” vaccines are differentiated from 
“prophylactic” ones, depending on the vaccines’ modes of action. Therapeutic 
vaccines aim primarily to prevent recurrent HSV infections and asymptomatic 
viral shedding in people who are latently infected with HSV. By contrast, prophylac- 
tic vaccines have the primary goal of preventing primary infection and subse- 
quent virus latency. The main focus of vaccine research lies on HSV-2 and the 
use of subunit vaccines containing gD responsible for most neutralizing antibody 
activity. A large number of vaccines have been tested in vaginal animal models 
with mice or guinea pigs (Awasthi and Friedman 2014), and the most promising 
vaccines are based on recombinant viral proteins (Odegard et al. 2016). However, 
randomized placebo-controlled clinical trials using HSV-2 glycoprotein subunit 
vaccines, combined with adjuvants as well as trials with live attenuated HSV-2 
deletion mutants in humans, have not produced results convincing enough to 
justify the licensing of a vaccine (Awasthi and Friedman 2014; Johnston et al. 
2016). Although these vaccines are not able to establish any infection or latency 
of the vaccine virus, the vaccines did not result in significant reduction of the 
number of recurrences or prevention of primary genital infection with both 
HSV-1 and HSV-2. Nevertheless, there have been promising clinical results with 
one therapeutic gD2/ICP4 protein subunit vaccine with Matrix M adjuvant, 
leading to reductions of genital lesions and viral shedding (Flechtner et al. 2013). 
In addition, preliminary studies led to the understanding that protection from 
primary infection is chiefly triggered by virus-specific antibodies, while cellular 
immunity probably mediates the prevention of recurrence (Awasthi and 
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Friedman 2014; Halford et al. 2015). This means that vaccine-induced cellular 
immunity must be stronger than that following natural HSV infection. 

Sound and comprehensive counseling of partnerships is a highly essential 
component of the medical management of patients with genital herpes. For this, 
HSV type-specific serology is an important tool, as this method allows the iden- 
tification of HSV-2 carriers and shedders, respectively. If no HSV-2-specific 
antibodies can be detected in the partner of an HSV-2-seropositive person, the 
couple should be advised to use condoms for safer sex (Stanaway et al. 2012). In 
case of symptomatic genital herpes, sexual intercourse should be discouraged 
(Gottlieb et al. 2004). As these measures are particularly important for the pre- 
vention of viral transmission during pregnancy, both partners should be informed 
about their serostatus, especially of HSV-2, and the possible consequences of 
viral transmission in both symptomatic genital herpes and asymptomatic viral 
shedding. In women with high levels of emotional stress, psychotherapeutic help 
can support their efforts to reduce the number of recurrent genital herpes 
diseases. 

In the future, microbicides in the form of gels, creams, or lotions may be an 
additional option for the prevention of HSV transmission via sexual intercourse. 
The best-studied drug for this preventive method is tenofovir, a nucleoside 
analog reverse transcriptase inhibitor licensed for prevention and treatment of 
HIV infection. Studies have shown that vaginal application of tenofovir gel 12 
hours before sexual intercourse reduces the risk of acquiring primary HSV-2 
infection in seronegative women (Abdool Karim et al. 2015), but does not pre- 
vent asymptomatic viral shedding or genital symptoms in women with known 
genital herpes (Bender Ignacio et al. 2015). Another promising microbicide is 
VivaGel , containing the nanotechnologically manufactured dendrimer SPL7013 
as its active substance (Price et al. 2011). It could be shown that VivaGel inhibits 
HSV replication following vaginal application. Even though these mentioned 
microbicides do not have the potential as fa irst-line option for HSV prevention, 
the substances can provide supplementary options for future prevention of 
genital herpes. 


5.9 Conclusion 


Genital herpes is a widespread global disease, and its medical management is 
often unsatisfactory. Competent counseling of affected people including their 
partners and correct implementation of existing methods of diagnosis, treat- 
ment, and prevention can help to improve significantly the management of geni- 
tal herpes patients. The PCR is the method of choice to detect the virus, and the 
determination of virus type-specific IgG allows a reliable identification of HSV-2 
carriers and potential virus shedders. Standard first-line drugs for antiviral ther- 
apy of genital herpes include acyclovir, valacyclovir, and famciclovir. The cur- 
rently most effective method for prevention is a sound and comprehensive 
counseling of partnerships on the basis of laboratory findings. However, cur- 
rently available antiviral treatment and in particular methods for prevention still 
have shortcomings, especially in the management of patients with frequent 
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recurrences of genital herpes. There is reasonable hope that the use of helicase 
blockers, a novel class of effective antiviral drugs, the development of effective 
prophylactic and therapeutic vaccines, as well as the implementation of novel 
microbicides may improve the situation significantly in the future. 
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6.1 Introduction 


Molluscum contagiosum is a benign mucocutaneous viral infection that mainly 
affects preschool or school-aged children, sexually active adolescents, and 
immunocompromised patients at all ages (Le Treut et al. 2015). The infection is 
caused by the Molluscum contagiosum virus (MCV), which is a large, double- 
stranded deoxyribonucleic acid (DNA) human-specific dermatotropic virus 
from the poxviridae family (Shisler 2015). Molluscum contagiosum (MC) is a sole 
member of poxviridae family because of its host selection and tissue reactions 
(Shisler 2015). MCV infects only the human keratinocytes in the skin and rarely, 
in the mucosal membranes (Schornack et al. 2006; de Carvalho et al. 2012). The 
virus has developed various mechanisms to grow in differentiating cells of 
the human epidermis (Shisler 2015). By not crossing the basement membrane, 
the virus escapes from immune surveillance and does not cause a systemic 
immune response during the infection period. 


6.2 Epidemiology 


MC is reported as one of most common viral skin infection in children; however 
the epidemiologic data on this common viral infection is very limited because it 
is not required to be reported to local or national health organizations by health- 
care providers (Basdag et al. 2015). 

The largest incidence is reported in school-aged children, where the incidence 
rate ranges from 12 to 14 episodes per 1000 children per year (Watanabe et al. 
2000). The highest incidence rates were reported in the United Kingdom in those 
aged one to four years. Meta-analysis suggests point prevalence in children aged 
0-16years of between 5.1 and 11.5% (Konya and Thompson 1999). 


Diagnostics to Pathogenomics of Sexually Transmitted Infections, First Edition. 
Edited by Sunit K. Singh. 
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd. 


101 


102 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


The incidences of previous MCV infections have been detected in 6% and 22% 
of the general population in Japan and Australia by measuring the presence of 
anti-MCV antibodies in blood (SL1 and Myskowski 1994; Sherwani et al. 2014). 
In another study, 14.8% of a surveyed German and almost 30% of a tested UK 
population were seropositive for MCV (Sherwani et al. 2014). 

In immunocompetent individuals, MC is usually a harmless infection that 
resolves without treatment. In HIV positive people, symptoms of MC can be 
more severe. It is well-known that MCV infection rates are higher, and the clini- 
cal symptoms are usually more severe in immunocompromised patients. MCV 
infections were reported in 5-8% of the HIV positive population as compared to 
healthy individuals (Sindrup et al. 1987; SL1 and Myskowski 1994; Shisler 2015). 
In children with HIV/AIDS, MCV infections may be seen in 5—18% of patients 
(Martin 2016). Receiving immunosuppressive therapies, history of atopic derma- 
titis, bathing with siblings or swimming, wrestling, and congenital immune sup- 
pressive conditions increase the risk for MCV infection (Choong and Roberts 
1999; Cursiefen et al. 2002; Osio et al. 2011; Kinoshita et al. 2016). 


6.3 Molecular Pathogenesis 


Poxviruses have linear, double-stranded DNA genomes ranging from 130 to 300kb 
in size, and a dumbbell-shaped core protects the genetic material (Shisler 2015). 
Four subtypes of MCV have been identified (MCV-1, —2, -3, and —4) according to 
the restriction fragment length polymorphisms of their genomes (Nakamura et al. 
1995). MCV-1 is the most prevalent in healthy humans, while MCV-2 is more 
common in HIV-infected patients (Shisler 2015). In recent studies about the viral 
genome, the effects of MCV on cellular pathways involved in the cell cycle, innate 
immunity, inflammation, and cell death have been identified in different pathways. 
Persistent MCV lesions are linked to virally encoded immune evasion molecules 
that inhibit antiviral responses and apoptosis (Shisler and Moss 2001). 

Light and electron microscopy, histology, and immunohistochemistry have 
been also used to determine the maturation process of MCV infection, evaluat- 
ing the presence of MCV virions and virus-induced cytopathic effects in differ- 
ent layers of the epidermis (Epstein and Fukuyama 1973). MCV infection is 
shown to present mainly in the keratinocytes located in two deepest layers of the 
epidermis (the stratum basale (SB) and stratum spinosum (SS)) and not crossing 
the basement membrane (Epstein and Fukuyama 1973). These data suggest that 
in the development phase of the infection, MCV is firstly targeting and infecting 
the proliferating cells in SB and SS, and MCV maturation occurring in these cells 
that have mitochondria enabling the viral replication. Molluscum bodies are 
inclusion bodies that contain large number of virions and these bodies increase 
in numbers at the last stage of keratinocyte differentiation in the stratum cor- 
neum. Molluscum bodies are lipid-rich sac-like structures that are full of viruses 
and restricted to the horny layer of the fibrous network. 

Immunohistochemical staining of MC lesions and surrounding cells is another 
technique helpful in the diagnosis and determining the pathogenesis of MC. 
Alteration of different cytokines, including the epidermal growth factor receptor 
(EGFR), vascular growth factor (VGF), IRF-3, NF-«B, tumor necrosis factor 
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(TNF), and IFNf have been shown in MCV infected epidermal cells (Takahashi 
et al. 1999; Callegaro and Sotto 2009). Alteration in the expression of the K14 and 
K16 keratin proteins in MCV infection was also shown immunohistochemically 
(Callegaro and Sotto 2009). K14 is normally expressed in SB cells, but it was also 
shown in other populations of differentiated keratinocytes during MCV infec- 
tion. K16, which is another keratin protein, is normally expressed only in hyper- 
proliferating cells, but during MCV infection, K16 was shown in MCV infected 
and surrounding cells (Callegaro and Sotto 2009). These data also support that 
MCV infection may induce proliferation of host cells to provide a better environ- 
ment for virus replication. 

In healthy individuals, MC lesions are typically present for weeks to months. 
However, they can be more resistant in some cases. It remains unclear why it per- 
sists so long in healthy individuals, but the severity and persistence of an MCV 
infection likely are due to a combination of host factors, including the status of a 
patient’s immune system and the robustness of innate immune responses. 

MC lesions were classified into two groups in healthy individuals as inflamma- 
tory and noninflammatory lesions (Vermi et al. 2011). Inflammatory lesions fig- 
ure out several immunogenic properties, including the expression of MHC class 
I and II proteins, and infiltration of immune cells including CTLs, NK cells, and 
plasmacytoid DCs (Vermi et al. 2011). However, in non-inflammatory lesions, no 
expression of MHC or IFN molecules or immune cell infiltration has been shown. 
Accelerated clearance of the MC lesions with inflammatory processes suggests 
that a strong host immune response is important for the clearance of MC lesions. 
It is still unclear how a noninflammatory MC lesion becomes an inflammatory 
MC lesion, or what induces clinical clearance. 

Besides innate immunity, acquired immunity is also important for the resolution 
of MCV infections. The importance of acquired immunity in MC progression 
was shown in immunosuppressive conditions such as HIV positive patients, 
transplant recipients, and patients taking immunosuppressive therapy, suggest- 
ing that the immune system of the host is important in controlling the size and 
spread of MC lesions. In these patients, lesions may have giant sizes, extensive 
distribution, atypical morphology, and persistent progress. 

Anti-MCV positivity was detected in almost 58-77% of MCV-infected 
individuals (Konya and Thompson 1999). However, anti-MCV antiserum is not 
sufficient for curing MCV infections because patients with persistent MCV 
infections have high anti- MCV antibody titers (Konya and Thompson 1999). 

Extensive lesions may be also related to Dedicator of cytokinesis 8 (DOCK8) 
deficiency, which is a primary immunodeficiency, caused by biallelic loss-of- 
function mutations in the DOCKS gene, affecting migration of dendritic and 
specialized T cells in skin, often leading to severe viral infections including MC 
(Liu et al. 2017). 


6.4 Diagnosis 


MC is usually diagnosed by clinical inspection, with the characteristic appear- 
ance of the lesions including its small size, its characteristic umbilicated crater 
with a white core, and its pearl-like shiny coloring (Figure 6.1). The atypical 
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Figure 6.1 (a) Characteristic umbilicated crater with a white core, and its pearl-like shiny 
coloring papules of molluscum contagiosum on face (Source: Archieves of Istanbul Medeniyet 
University). (b) Umbilicated papules on neck (Source: Archieves of Istanbul Medeniyet 
University). (c) Umbilicated, skin colored papules on groins (Source: Archieves of Istanbul 
Medeniyet University). (See color plate section for the color representation of this figure.) 
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presentations of MC lesions may be a diagnostic challenge for clinicians (Sáez 
et al. 2006; Al-Mutairi 2008). 

Dermoscopic examination may be helpful in diagnosis, especially in atypical 
cases. Dermoscopy of MC reveals a central pore or umbilication in association 
with polylobular white to yellowish shiny clods, which are surrounded by linear, 
fine, corona-like telangiectasias (Figure 6.2) (Ku et al. 2015). This appearance 
may change in atypical cases, especially in atypical localizations. Histopathologic 
examination is mandatory in these cases. The vascular features of MC under a 
dermatoscope include crown, punctiform, and radial patterns, in addition to the 
so-called mixed-flower pattern (Mun et al. 2013). 

Reflectance confocal microscopy, is also another noninvasive technique for 
imaging skin at the cellular level (Lacarrubba et al. 2016). The validity of both 
techniques has been confirmed using histological methods (Scope et al. 2008). 

PCR amplification of parts of the MCV genome is another alternative tool for 
diagnosis (Ku et al. 2015). Two real-time PCR assays have been developed to 
detect MCV DNA. Fluorescence Resonance Energy Transfer (FRET) -based real- 
time PCR is a new method that now allows the differentiation of MCV-land 
MCV-2, taking advantage of single nucleotide polymorphisms that exist in the 
Mc21L gene (HoSnjak et al. 2013; Shisler 2015). 

Histopathology, molecular diagnosis by in-situ hybridization, or metagenomic 
sequencing from cytological smears and infected tissue can be helpful in 


Figure 6.2 Central pore or umbilication in association with polylobular white to yellowish 
shiny clods in dermoscopic examination (3Gen, Dermlite 4) (Source: Archieves of Istanbul 
Medeniyet University). (See color plate section for the color representation of this figure.) 
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Figure 6.3 Hypertrophic, hyperplastic epidermis, and molluscum bodies within the keratinocytes 
and a central crater (H&E,x4) (Source: Archieves of Istanbul Medeniyet University). (See color plate 
section for the color representation of this figure.) 


diagnosis of clinically atypical cases (Trama et al. 2007; Shisler 2015). Histologically, 
MC lesions are characterized by a localized mass of hypertrophic, hyperplastic 
epidermis projecting above the surface as a small papule (Figure 6.3). 


6.5 Clinical Features 


MC lesions are characterized by small, 3-5mm, discrete, skin-colored, dome- 
shaped, pearly papules clinically. There are usually fewer than 20 lesions in an 
immunocompetent patient, but there could be 100 or more, also giant in size in 
immunocompromised patients (Uzuncakmak et al. 2016). When the lesions are 
squeezed or traumatized, a creamy, cheese like, gray-white material can be extruded. 

Most childhood cases of MC occur on the face and trunk and resolve sponta- 
neously within a few weeks and months (Schaffer and Berger 2016). Ocular and 
oral MC in immunocompetent children has also been reported in a few case 
reports in the literature (Schornack et al. 2006; de Carvalho et al. 2012). In con- 
trast, when MCV infections are sexually transmitted in young adults, the MC 
lesions initially are present in the groin area. Molluscum contagiosum in immu- 
nosuppressed individuals may be eitherdue to drug inducedHIV infection, or 
other issues. 

Giant MC is a rare clinical variant of Molluscum contagiosum in which lesions 
are 0.5-1cm or more in diameter. Giant lesions are rare in healthy children or 
adults and may be related to altered immunity, including atopic dermatitis, his- 
tory of immunosuppressive therapy, sarcoidosis, leukemias, Wiskott-Aldrich 
syndrome, or acquired immune deficiency syndrome (Pérez-Diaz et al. 2015). 

There are several disorders in differential diagnosis of molluscum contagio- 
sum according to patient’s age and localization of the lesions. Although typical 
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lesions may resemble pediatric milia, verruca plana, acneiform eruptions, or 
pearly penile papules, giant MC lesions may mimic a wide spectrum of diseases 
including epidermoid cyst, basal cell carcinoma, pyoderma, deep fungal infec- 
tions, eccrine poroma, foreign body granuloma, Kaposi sarcoma, intradermal 
nevus, amelanotic melanoma, kerathoacanthoma, and viral warts clinically 
(Uzuncakmak et al. 2016). 


6.6 Mode of Spread of Infections 


Molluscum contagiosum is transmitted from an infected site via direct contact or 
contaminated fomites such as bath towels and clothing and through vertical 
transmission during labor. Autoinoculation is also another pathway of transmission. 
Accompanying eczema is associated with an increased risk of autoinoculation — 
as a person scratches the eczematous region, the viral particles may spread to 
other sites of the body. 

In anogenital regions, lesions can transmit by either autoinoculation or sexu- 
ally transmission. In patients who have MC lesions in multiple regions of the 
body, autoinoculation is more likely to be the main reason. In contrast, most 
cases of sexually transmitted molluscum are localized exclusively to the genital 
area (Shisler 2015). 


6.7 Treatment 


Molluscum contagiosum (MC) is a self-limited disease; no consensus is present 
on whether its associated lesions should be treated or allowed to resolve sponta- 
neously (Tyring 2003). MC-related clinical manifestation depends on the patient’s 
immune system reactions to pox virus; therefore, the choice of treatments is 
based on patient’s age, general medical condition, existing diseases, location and 
extension of the lesions, and related symptoms (such as itching) (Yorulmaz et al. 
2014). However, patients with congenital immune deficiency syndromes, organ 
or bone marrow transplantation, AIDS, other sexually transmitted diseases, or 
atopic dermatitis can have disseminated and refractory MC lesions and require 
early treatments approaches (SL1 and Myskowski 1994). 

MC lesion-related discomfort and itching, as well as disseminated and refractory 
lesions in patients with atopic dermatitis, require active treatments (Scheinfeld 
2008). Other reasons for treatment include limiting the spread to other areas and 
people, prevention of scarring and superinfection, and elimination of the social 
stigma of visible lesions (Mathes and Frieden 2010). In addition, treatments of 
genital MCV lesions are important for reducing the risk of sexual transmission 
and to prevent autoinoculation. MC treatments are recommended in immuno- 
compromised individuals, HIV patients, adults with genital lesions, and children 
with multiple lesions (Hughes et al. 2013). Patients concurrently infected with 
MC and HIV need combined treatments because destructive therapies alone 
may not be effective enough. 
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6.7.1 Treatment Options 


No Food and Drug Administration-approved treatments are present for MC. All 
of the therapies are used in an off-label fashion and with no age cut-off parame- 
ter (Coloe et al. 2009). No well-known or superior single intervention is present 
or acceptable to all patients with MC (Chen et al. 2013). All treatment modalities 
are summarized in the Table 6.1. 


6.7.1.1 Watchful Waiting 

MC is a self-limited disease and may heal spontaneously. It is reasonable to 
observe the lesions without any medical interventions for regular and simple MC 
lesions, particularly in pediatric cases (Coloe et al. 2009). The average duration 
of a lesion is about 2 months, but it can extend up to 8-12 months, when MC 
lesions spread easily by autoinoculation from trauma or scratching (Chen et al. 
2013). The Cochrane systemic review of MC including 22 clinical studies and 
1650 patients’ case reports concludes that no treatment modality was found to 
favor any one treatment, and natural resolution is still the first line approach 
(Wouden et al. 2017). 

MC treatments can cause unwanted adverse effects. Treatments are usually 
requested for psychological reasons such as anxiety due to refractory lesions. In 
addition, multiple MC lesions can heal with scar tissue. All treatment options, 
including natural resolution, should be discussed with patients and their family 
(Coloe et al. 2009). In natural resolution cases, families should be instructed that 


Table 6.1 The treatment options of Molluscum contagiosum. 


1) Watchful waiting 
2) PROCEDURE-BASED TREATMENTS 
Cryotherapy 
Curettage 
Needle prick 
Pulsed dye laser therapy 
Other laser therapy 
CHEMICAL AGENTS 
Cantharidin 
Potassium hydroxide 
Podophyllotoxin 
Benzoyl peroxide 
Tretinoin 
Trichloroacetic acid 
Lactic acid 
Glycolic acid 
Salicylic acid 
IMMUNE MODULATOR 
e Imiquimod 
e Interferon-alpha 
e Cimetidine 
e Candida antigen injection. 
5) ANTIVIRAL AGENT 

e Cidofovir 


3 
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children with MC should not bathe with siblings or playmates and should not 
share towels. Topical regimen such as corticosteroid may reduce MC-related 
pruritus and prevent autoinoculation due to scratching (Isaacs 2017). 


6.7.1.2 Procedure-Based Treatments 

Procedure-based treatments are frequently used in MC treatments. Detailed 
skin examination should be performed to identify all lesions before performing 
procedures. Missing lesions can cause autoinoculation and recurrence of the 
lesions (Harel et al. 2016). 


6.7.1.2.1 Extraction-Curettage 

Extraction and curettage is most preferred treatment in MC lesions. This proce- 
dure can be applied with manually with gloved hands, tiny forceps, or sharp 
curette. Curettage is a physical removal of MC lesions (Yorulmaz et al. 2014). 

Curettage can be performed under sedation with propofol or nitrous oxide gas 
in children. All visible lesions should be removed during the first treatment 
session. The new lesion formation rate is dramatically reduced with repeated 
curettage procedures (around 4% after three or more procedures) (Moye et al. 
2014). Curettage is more efficient and more practical (less time and effort 
demanding) than the other treatment modalities for MC, including cantharidin, 
imiquimod, cryotherapy, and potassium hydroxide (Silverberg et al. 2000; 
Simonart and De Maertelaer 2008; Moye et al. 2014). 

Curettage is an effective treatment, it may be a painful and traumatic experi- 
ence, particularly in children (Coloe et al. 2009). However, more sessions are 
required in most of the cases and the curettage may not successful depends on 
the presence of concomitant AD, the number of involved anatomical sites and 
the number of lesions before the procedure (Brown et al. 2006). Topical anes- 
thetic agents should be used carefully because an excessive use of the agents can 
cause methemoglobinemia versus central nervous toxicity (Coloe et al. 2009). 


6.7.1.2.2 Cryotherapy 

Cryotherapy is a very effective treatment for MC. A cotton-tipped swab dipped in 
liquid nitrogen is applied on each lesion for 6—10 seconds during the procedure 
(Al-Mutairi et al. 2010). It is preferred to use for multiple trunk MC lesions. 
However, it is not preferred to use on face MC lesions because it may cause hypo- 
hyperpigmentation and scar formation. The application should be continued until 
umbilical formation. It is one of the top choices of MC treatments (Hughes et al. 
2013). Comparison of cryotherapy and imiquimod 5% cream showed cryotherapy 
is more effective and provides faster recovery, but it may cause pigmentation 
changes, scarring, or atrophy formation (Basdag et al. 2015). Adult patients usually 
tolerate the procedure better than child patients due to pain tolerability. 


6.7.1.2.3 Pulsed Dye Laser (PDL) 

Pulsed dye lasers have shown to be an efficient treatment in case reports and 
small, uncontrolled studies. It is preferred in child patients, recalcitrant cases, 
and immunocompromised patients. A novel 585 nm collagen remodeling pulsed 
dye laser stimulates the release of various growth factors via cell-mediated 
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reaction with T-lymphocytes that promotes collagen remodeling and tightening. 
However, it does not prevent relapses (Michel 2004). PDL is safe, effective, quick, 
and well-tolerated, but expensive procedure option in MC treatment with no 
scar formation or permanent pigmentation changes (Griffith et al. 2014). PDL 
may cause temporal hyperpigmentation that lasts one to six months. 


6.7.1.2.4 Other Procedures 

Additional procedure-based treatments of MC include electrodessication, man- 
ual extrusion of the central core by squeezing (Weller et al. 1999), needle pene- 
tration in combination (Godse 2006), and potassium titanyl phosphate (KTP) 
laser (Dabis et al. 2006). 


6.7.1.3 Chemical Agents 

6.7.1.3.1 Cantharidine 

Topical cantharidine has been a safe and effective treatment of MC since the 
1950s (Coloe and Morrell 2009; Sterling 2016). Cantharidine is typically applied 
in outpatient setting, and it is washed off from the applied area within two to six 
hours at home (Admani et al. 2015). Small blister occurs after application of can- 
tharidine at the treatment site, followed by disappearance of the molluscum 
lesion and healing without scarring (Isaacs 2017). The application part is not 
painful, but patients can have pain or discomfort feeling during blister formation 
and post-procedure healing process (Cathcart et al. 2009). 

Topical cantharidine is usually applied every two to four weeks until all lesions 
are resolved. It should not applied on the face, genital, or perianal areas. Because 
it may cause transient burning, pain, erythema, and pruritus (Silverberg et al. 
2000b). 

The main disadvantage is that multiple office visits (at least two to three visits) 
are required to administer the treatment. The success rate is higher when the 
topical cantharidine is applied by physicians in an office setting (92%) rather than 
through home application (60-90%) (Torbeck et al. 2014). 

A study investigating the efficiency of topical cantharidine including 300 chil- 
dren showed complete resolution in 90% and some degree of improvement in 8% 
with no major side effects (Torbeck et al. 2014). Cantharidine-induced tempo- 
rary burning, pain, erythema, pruritus, blisters, secondary infection, temporary 
hypopigmentation, and rare scar formation have all been reported (Short et al. 
2006). 

Due to having an easy home-applicable feature, topical cantharidine can be 
considered one of the first-line treatments of MC (Torbeck et al. 2014). 


6.7.1.3.2 Potassium Hydroxide 

Potassium hydroxide (KOH) with different concentrations of 5-10%, and 20% 
are used for MC treatment. KOH is the only licensed treatment of MC (Romiti 
et al. 2000; Short et al. 2006; Can et al. 2014; Admani et al. 2015). It can be applied 
with a cotton stick to all lesions with different frequencies, from three times a 
week to twice a day until signs of inflammation or superficial ulceration develop 
(Romiti et al. 2000). KOH with higher concentrations such as 10% or 20% are 
more effective than KOH with lower concentration such as 5%. However, KOH 
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5% solution has less side effects, such as burning discomfort after applications or 
postinflammatory hyperpigmentation or hypopigmentation (Romiti et al. 2000). 

KOH and 5% imiquimod have similar effectiveness, but KOH has more side 
effects than 5% imiquimod (Metkar et al. 2008). 10% KOH combinations with 
salicylic or lactic acid (SAL + LAC) have similar effectiveness (Köse et al. 2013). 
KOH is a good alternative treatment of MC, but side effects require special 
attention. 


6.7.1.3.3 Podophyllotoxin 

Podophyllotoxin is a commercially available antimitotic agent in podofilox 0.5% 
as a solution or gel forms. The safety and efficacy of podophyllotoxin for MC is 
unclear in young children (Isaacs 2017). Studies on the use of podophyllotoxin in 
MC are few and limited. One study showed that application of podophyllotoxin 
0.5% cream twice daily for three consecutive days was more efficient than podo- 
phyllotoxin 0.3% cream. Podophyllotoxin can be considered a safe, home-based 
first line of therapy to MC treatment (Syed et al. 1994). 


6.7.1.3.4 Salicylic Acid 

Salicylic acid may be helpful with its keratolytic effect. It can be used in young 
children, diabetic patients, and those with multiple lesions (Ohkuma 1990). 
Studies on salicylic acid for MC treatment are limited. The combination of 50% 
salicylic acid paste and 10% PVP-iodine solution is an effective treatment that 
may accelerate healing process and is a less expensive and less painful procedure 
(Ohkuma 1990). It was shown that 12% salicylic acid gel was significantly better 
at clearing MC than 10% phenol (Leslie et al. 2005). 

Overall, based on the study that compared four different treatments includ- 
ing curettage, cantharidine, combination of salicylic acid and lactic acid, and 
imiquimod, curettage was the most efficacious treatment with lowest side 
effects. Cantharidine is a useful bloodless alternative, particularly in the office 
setting, but it may cause more serious complications such as blistering and may 
require multiple office visits (Hanna et al. 2006). 


6.7.1.3.5 Other Topical Agents 
Other topical agents, including topical tretinoin, benzoyl peroxide, silver nitrate 
(Niizeki and Hashimoto 1999), and trichloroacetic acid, may have limited effect 
in MC treatments. 

A broad-spectrum antimicrobial, povidone-iodine has been tried twice a day 
as a novel, at-home prescription treatment with successful outcome in pediatric 
and young MC (Capriotti et al. 2017). 


6.7.1.4 Immune Modulators 
6.7.1.4.1 Imiquimod 
Imiquimod is a topical immunomodulator that increases local production of 
cytokines such as interferon-a. It has antiviral and anti-tumor effects as well 
(Swanson and Canty 2013). 

Favorable outcome with imiquimod in MC treatment was reported in uncon- 
trolled studies and case series, but that was not confirmed with randomized 
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trials (Liota et al. 2000; Skinner 2002; Arican 2006). It has not been recom- 
mended because of unclear data (Levy 2016; Isaacs 2017). 


6.7.1.4.2 Cimetidine 

It has been postulated that cimetidine, H2 antihistamine, may have immu- 
nomodulatory properties. The previous studies are limited and have conflicting 
results on its effectiveness on MC treatment. Thus, cimetidine is not a preferred 
treatment for MC. Further studies are required to clarify its effectiveness of MC 
treatment (Dohil and Prendiville 1996; Cunningham et al. 1998). 


6.7.1.4.3 Interferon Alpha 

Interferon (subcutaneous and intra-lesional forms) may be used in MC treat- 
ment for immunocompromised patients and refractory lesions (Horn et al. 
2005). However, no adequate study is present (Hourihane et al. 1999; Kilic and 
Kilicbay 2006). 


6.7.1.4.4  Intralesional Immunotherapy 

Younger patients may demonstrate better responses to intralesional immuno- 
therapy. A sensitivity of immune response to foreign pathogen declines with the 
aging process (Horn et al. 2005; Enns and Evans 2011). 

Intralesional Candida antigen injection is a common form of immunotherapy 
that requires no more than 0.3 ml of Candida antigen into one to three mollus- 
cum intralesionally at each visit at four-week intervals until resolution of MC 
lesions. Complete resolution with the intralesional injection is around 55% after 
2-3 sessions with no serious side effects (Baxter and Highet 2004; Maronn et al. 
2008). It is a good option for avoiding skin irritation possible with other proce- 
dures (Liota et al. 2000; Baxter and Highet 2004). 


6.7.1.5 Antiviral Agents 

6.7.1.5.1 Cidofovir 

Large and numerous MC lesion can be observed in patients with HIV infection, 
and the treatments of MC are mostly unsatisfactory in those patients. Cidofovir 
is a nucleoside analogue antiviral agent that has wide spectrum anti-DNA virus 
activity, including herpes viruses, papovaviruses, pox viruses, and adeno-viruses 
(Meadows et al. 1997). It blocks viral DNA synthesis via interacting with viral 
DNA polymerase. 

Topical or intravenous cidofovir can be successfully used in HIV patients for 
MC treatment (Zabawski Jr. and Cockerell 1999; Liota et al. 2000; Toro et al. 
2000; Erickson et al. 2011). The most concerning side effect is renal toxicity, and 
the topical form can cause local irritation and painful cutaneous erosions 
(Erickson et al. 2011). 


6.7.1.6 Immunocompromised Patients 

Giant, persistent MC lesions can be seen in immunocompromised patients. 
Therapies acting with destructive mechanisms are not favorable options in these 
patients due to increased risk of infections (Liota et al. 2000). In addition, com- 
bined treatments are usually warranted in most of the immunocompromised 
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patients. Imiquimod, interferon alpha, and laser treatment combinations may be 
effective in severe refractory MC lesions (Gross et al. 1998; Leung et al. 2017). 


6.8 Conclusion 


The treatment choice should be made based on the physician’s experience and 
comfort level, patient’s age, number and severity of lesions, location of lesions, 
and patient/parent preferences. Watchful waiting can be preferred in some 
cases. In general, physical destruction of lesions with procedure-based treat- 
ments, including cryotherapy with liquid nitrogen, curettage, and chemical 
destruction with cantharidine are the preferred choice of treatment in most 
cases. KOH is a preferred treatment option as well. Topical retinoids can be 
used in facial MC lesions. The data are not enough for effectiveness of imiqui- 
mod in MC treatments. Cidofovir, interferon alpha, and combined treatments 
can be used in immunocompromised patients. Pulsed dye laser has promising 
results in MC treatments. 
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7.1 Introduction 


Genital warts (anogenital warts, condylomata acuminata) are soft growths that 
occur predominantly on the genitals. They are caused by the human papillomavi- 
rus (HPV), which is mainly transmitted through sexual contact. Genital warts 
are a common sexually transmitted infection caused by the human papillomavi- 
ruses (HPV), representing a significant burden on the health of the predomi- 
nantly young, sexually active population. Over 90% of genital warts are caused by 
low-risk HPV types 6 and 11. Despite the benign nature of the disease, the high 
recurrence rates increase medical costs and may have negative psychosocial 
impact. A wide range of therapies is available, but none are completely successful 
in clearing genital warts. Therefore, avoiding the transmission of HPV infection 
is the best prevention. Besides responsible sexual behavior, prophylactic vaccines 
are currently available, providing almost 100% protection against genital warts, if 
applied before the initiation of sexual life. 


7.2 Human Papillomavirus 


7.2.1 Taxonomy 


HPV is a nonenveloped deoxyribonucleic acid (DNA) virus form the papillo- 
maviridae group. To date, more than 170 HPV types are known. According to 
their different epithelial tropism and disease associations are HPVs divided 
into five taxonomic group (Alpha-, Beta-,Gamma-, Mu-, and Nupapillomavirus) 
(Bzhalava et al. 2015). Genital warts are caused by the alpha papillomavirus 
group, which include cutaneous and the mucosal types that are further divided 
into low-risk (they are not known to cause cancer, but cause genital warts and 
other benign diseases) and high-risk groups (can cause malignant cell transfor- 
mation). Nowadays, the third group of probable (possible) high-risk HPVs has 
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been established. This group includes newly discovered HPVs whose biological 
behavior is unclear and may also cause genital warts (Halec et al. 2013). 


7.2.2 Life Cycle 


Successful attachment and replication of the virus depends on several factors, 
among which the type of infected epithelium, the presence of virus particles, 
and cytokines are the most important ones. Presence of virus particles on the 
basal lamina seems to be essential for successful infection (Doorbar et al. 
2012). The protein envelope of HPVs protects the viral nucleic acid and is the 
first place of contact with the host cell. Subsequently, structural changes of the 
viral capsid occur enabling binding of the HPV to the host cell. After success- 
ful virus binding to the host cell, HPV is internalized by endocytosis. Unlike in 
other viruses where this process is underway for short period of time, in HPVs, 
the whole process takes several hours. The subsequent virus life cycle is 
directly dependent on the differentiation (maturation) of infected keratino- 
cytes (Horvath et al. 2010). 


7.2.3 Interaction with Immune System 


HPV infection can effectively avoid the immune system of the human body (mainly 
innate immune response). This ability is enabled by several specific characteristics 
of HPVs. The life cycle of papillomaviruses is exclusively intraepithelial, replication 
of the virus is not associated with inflammation, and there is no viremia or virus- 
induced cytolysis. Moreover infected cells in productive viral cycle are hidden 
inside the epithelium, out of reach of the circulating cells of the immune system 
(Stanley 2012). HPV is also able to reduce signaling pathways of innate immunity 
in infected keratinocytes, reduce the formation of proinflammatory cytokines 
(especially interferons), inhibit the migration of dendritic cells, and macrophages. 


7.2.4 Transmission 


HPVs are transmitted through skin-to-skin (mucous membrane) contact with 
someone who already has the virus. Low-risk HPVs can be transmitted both sexu- 
ally and nonsexual routes. However, the sexual transmission is much more frequent. 
The probability of HPV transmission is highest during vaginal or anal intercourse 
(especially anal insertive). The transmission rates during vaginal intercourse seem 
to be higher from women to men than from men to women (Hernandez et al. 2008). 
Transmission through oral sex, petting, and sharing of sexual toys is far less common 
but possible (Sonnex et al. 1999 and Anderson et al. 2014). Vertical transmission 
between mother and newborn is rare, but it can especially occur if the woman has 
genital warts at birth in the vagina or the vulva (Smith et al. 2010). 


7.2.5 Clearance 


Although HPV infection is common, and the majority of the sexually active 
population is infected during their lifetime, clinical manifestations of HPV 
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infection occur rarely, as most (over 90%) of these infections are cleared by 
cellular immunity. In order for the infection to be detected and cleared by the 
immune system, viral antigen presentations by dendritic cells are required. 
Since the HPV life cycle takes place in keratinocytes, presentation of viral anti- 
gens by Langerhans cells is essential for the induction of effector T-cell 
response. After T-helper cell infiltration massive apoptosis or cell death did 
not occur, but expression of basal cells containing viral DNA is suppressed. 
However, virus can be reactivated again triggering the replication cycle by hor- 
monal changes or immunosuppression (Maglennon et al. 2011). The average 
time for clearance of low-risk HPV infection varies between six and eight months 
(Giuliano et al. 2011). 


7.3 Epidemiology 


Genital warts are among the most common diseases caused by HPV, representing 
a significant burden on the health of the predominantly young, sexually active 
population. It is estimated that over 500,000 new cases of genital warts are diagnosed 
each year in Europe and between 500,000 to 1 million in the United States. The 
annual incidence in different parts of the United States and Europe range from 
160 to 289 per 100,000. Based on these data, incidence of genital warts in men is 
about 137 cases per 100,000 men per year, and in women, 121 cases per 100,000 
women per year. With the peak of incidence between 20 and 24years of age in 
women and 25-29 years of age in men (Patel et al. 2013). However, in different 
regions (Africa, Latin America, Asia) the epidemiology of genital warts may be 
different (different cultural habits and sexual behavior) but more robust data are 
not available. Genital warts are highly contagious, more than 50% of persons 
with an infected sexual partner acquire genital warts within 8months (Lacey 
et al. 2006). In most persons, genital warts develop between 2 and 12 months 
after the infection with median of 6 months. The maximum incubation time 
seems to be a less than two years (Gormley and Kovarik 2012). Over 90% of 
genital warts is caused by HPV 6 and 11, but other HPV types can be involved 
(Garland et al. 2009). 


7.4 Risk and Protective Factors 


7.4.1 Risk Factors 


Sexual behavior is the key factor in acquiring HPV infection and hence genital 
warts. Development of genital warts is associated with an increasing number of 
sexual partners in both men and women. For example, women with 15 or more 
lifetime sexual partners have more than nine times higher risk of having genital 
warts than women who had only one lifetime sexual partner (Kjaer et al. 2007). 
Acquisition of new sexual partner in last 12 months was also found to be impor- 
tant risk factor (Garland et al. 2009). Hormonal contraception usage in women 
and failure to use condoms in men results in more frequent unprotected sexual 
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intercourse and therefore also increases the chances of HPV (genital warts) 
transmission. For both sexes, risk factors also include younger age, frequent ciga- 
rette smoking, and previous history of sexually transmitted infection (chlamydial 
infection) (Wen et al. 1999). 


7.4.2 Protective Factors 


Condoms in the case of HPV infection are not fully protective, as the virus can 
be transmitted from places not covered by a condom. However, regular condom 
use is associated with a lower prevalence of genital HPV infection both in males 
and in their sexual partners; moreover, using condom during sexual intercourse 
reduces the risk of HPV transmission by approximately 50% (Nielson et al. 2010). 
The effect of circumcision on HPV-associated diseases remains uncertain. 
According to the current state of the knowledge circumcision probably reduces 
the prevalence of genital HPV infections, but has no effect against HPV acquisi- 
tion, clearance, or prevalence of genital warts (Zhu et al. 2017). 


7.5 Clinical Features 


7.5.1 Physical Signs 


The clinical appearance depends on anatomical localization and type of the 
infected epithelium. Generally genital warts occur in four forms: 


1) Smooth papules — small skin-colored solid dome-shaped papules (see Figure 7.1). 

2) Cauliflower-like papules — usually pink or skin-colored soft papules (see 
Figure 7.2). 

3) Keratotic warts — dome-shaped brownish papules with rough surface, typi- 
cally localized on keratinized stratified squamous epithelium (see Figure 7.3). 

4) Plaques (flat papules) - slightly raised above the surrounding skin, pink, flat, 
and smooth surface, common on mucosal surfaces (cervix, rectum) (see 
Figure 7.4). 


Figure 7.1 Smooth papules genital 
warts. (See color plate section for the 
color representation of this figure.) 
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Figure 7.2 Cauliflower-like genital 
warts. (See color plate section for the 
color representation of this figure.) 


Figure 7.3 Keratotic genital warts. 
(See color plate section for the color 
representation of this figure.) 


The color of genital warts can range from pink to red, light brown to dark 
brown (also depending on the patient’s skin phototype). Multiple lesions usually 
occurs, but single isolated wart or large masses in the genital and perianal area 
may be present. In men, genital warts most frequently arise on the shaft, root, 
and under the foreskin of the penis. In women, vaginal introitus, labia minora, 
vagina, and cervix are sites where genital warts are often found. In both sexes, 
genital warts may be present also in the urethra, oral cavity, on perineum, peri- 
anally, in the anus and rectum. Even though intra-anal warts are common in men 
and women practicing receptive anal intercourse, they may also appear in per- 
sons who have never had such intercourse (presumably through autoinocula- 
tion). Warts can also occur at multiple sites. 


7.5.2 Symptoms 


In most cases, genital warts are asymptomatic and patients seek medical care 
because of cosmetic issues. In more sensitive patients, genital warts can cause 
pruritus or pain. Also mechanical irritation during sexual intercourse may cause 
bleeding from eroded warts or painful intercourse (dyspareunia). 
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Figure 7.4 Plaque type genital 
warts. (See color plate section for the 
color representation of this figure.) 


Appearance of genital warts can also significantly affect patients’ mental state. 
Depression, anxiety, and anger are the emotions most frequently reported espe- 
cially in patients with recurrences of genital warts. Moreover, sexual life of 
patients and their sexual partner(s) can be affected, and breakdown of patients’ 
relationship is not a rare condition (Graziottin and Serafini 2009). 


7.6 Diagnostics 


Visual inspection is usually sufficient for the diagnosis of genital warts. In case of 
atypical lesions (e.g. induration, ulceration, pigmentation, and sudden growth), 
or when the warts do not respond to the treatment biopsy should be always per- 
formed. Especially in immunocompromised patients, coinfection of genital 
warts with high-risk HPV infection is common; therefore, exclusion of (pre) 
malignant lesion is important (Brown et al. 1999). 


7.6.1 Clinical Investigation 


In women, cervix, vagina, and perianal region examination should be always 
performed to exclude hidden lesions. In men urethral meatus and perianal area 
should also be examined. In patients with perianal warts (especially men who have 
sex with men (MSM) practicing insertive anal sex), anoscopy should be performed. 


7.6.2 3-5% Acetic Acid 


Acetic acid causes HP V-infected mucosa to turn white for several seconds; how- 
ever, this test is not specific for HPV infection. 


7.6.3 Histopathology 


In epidermis acanthosis, dyskeratosis, parakeratosis, and hyperkeratosis can be 
found. Typical sign in superficial epithelial cells is koilocytosis — nuclear 
enlargement with irregular nuclear membrane and clear area around the nucleus 
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(perinuclear halo) in dermis presence of superficial chronic inflammatory 
infiltrate. Other features that can be observed are binucleated or multinucleated 
squamous cell, parabasal hyperplasia, and accentuated intracellular bridges. 


7.6.4 HPV DNA Detection 


Superficial swabs or further testing of tissue from genital warts for HPV typing 
do not add any information of clinical use and should not be routinely performed. 
Note especially that negative superficial swabs from wart-like lesion do not mean 
that the lesion is not HP V-induced. 


7.6.5 HPV Antibodies 


To date, two types of antibodies are used for HPV infection. Antibodies 
against viral proteins E6 and E7 can be helpful for the diagnosis of HPV- 
induced invasive cancer especially (Kreimer et al. 2015). Detection of HPV 
capsid antigens (anti-virus-like particles, or VLPs) can provide information 
on whether the patient was in contact with HPV infection. Production of 
capsid antibodies is mainly associated with higher viral load exposure and 
persistent infection. The detectable level of antibodies after a natural infec- 
tion usually develops after several months of latency. Moreover, some patients 
did not develop detectable level of antibodies. In the case of most transient 
infections, detectable levels of capsid antibodies also do not arise, suggesting 
that antibodies do not play an important role in the protection or clearance 
of HPV infection (Carter et al. 2000). Therefore, HPV capsid antibodies have 
only limited value as a marker of current infection and may be more useful as 
a marker of cumulative exposure (Rob et al. 2017a). 


7.7 Differential Diagnosis 


Differential diagnosis of genital warts is wide ranging due to the possibility of 
different clinical manifestations. Not all papular lesions in anogenital area are 
caused by HPV, but can be also physiological conditions. Confusing pearly penile 
papules or Fordyce spots with genital warts will lead to unnecessary treatment of 
a normal condition. Conversely, misdiagnosing squamous cell carcinoma (or 
other precancerous/cancer lesion) as genital warts is likely to delay correct diag- 
nosis and appropriate therapy. Therefore, in a case of atypical warts or inade- 
quate response to treatment, a biopsy should be always performed. The most 
common concern in the differential diagnostics are condylomata lata, which are 
a manifestation of secondary stage of syphilis. They develop sites to which 
Treponema pallidum has disseminated. Condylomata lata are flat, moist pink 
plaques usually up to 3cm in diameter. They are located on the folds of moist 
intertriginous areas (commonly vulva and perianal area). Condylomata lata 
should be more broad-based than genital warts, but especially in the case of 
extensive perianal verrucous lesions, differential diagnosis can be difficult. In 
such cases, examination of surface exudate under dark field microscopy or/and 
smear to detect Treponema pallidum with PCR test should be always done. Also 
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Table 7.1 Differential diagnosis of genital warts. 


Condylomata lata 
Squamous cell carcinoma 
Nevi 

Psoriasis 

Fordyce spots 

Pearly penile papules 
Keratoacanthoma 
Seborrheic keratosis 
Vestibular papilomas 
Mollusca contagiosa 
Fibroma 

Foliculitis 


Lichen planus 


in the case of condylomata lata serologic tests for syphilis will be positive. The 
most common differential diagnosis conditions are listed in Table 7.1. 


7.8 Treatment 


Whereas current medical options do not allow the treatment of HPV infection 
itself the goal of therapy is destruction of genital warts. Depending on the mech- 
anism of action, the treatment options can be divided into destructive (cryo- 
therapy, trichloracetid acid, podophyllotoxin, electrocautery, surgical, and laser 
therapy) and immunomodulatory (imiquimod, sinecatechins). Several other 
alternative regimen for treating genital warts are available (e.g. podophyllin, topi- 
cal cidofovir, intralesional interferon, and photodynamic therapy) but usually 
have more side effects and their efficacy is not higher. Hence, they should not be 
the first treatment option. No treatment has been proven to be superior in terms 
of clinical clearance or recurrence, therefore it is appropriate to adjust the treat- 
ment individually according to anatomic site, wart number and size, side effects, 
and the patient’s preferences. None of the treatments are 100% effective, but 
combination therapy can increase the effectiveness of the treatment. Due to fre- 
quent recurrences, it is often necessary to repeat treatment (see Table 7.2). A 
patient’s adherence to treatment is therefore a very important factor; thus, it is 
advisable to inform the patient that recurrences may occur. 


7.8.1 Cryotherapy 


Liquid nitrogen is used to destroy warts by thermal-induced cytolysis. The main 
benefits of cryotherapy are absence of contraindications (can be used safely in 
pregnant women and small children) and low cost of the treatment. However, 


Genital Warts 


some patients do not tolerate cryotherapy due to pain during and after freezing. 
Proper use of cryotherapy is crucial — overtreatment may result into necrosis 
with complicated healing. Also, hypopigmentation may occur in the treated area. 


7.8.2 Laser Therapy (CO; laser, Er:YAG laser) 


Main advantage of laser therapy is the ability to control depth of penetration of 
several millimeters, allowing effective treatment in complicated localizations 
(e.g. urethra) or in patients with extensive genital warts. However, lasers are 
costly in comparison to other treatment possibilities; therefore, they are often 
used when previous treatment failed. 


7.8.3 Electrocautery 


Similarly, as in cryotherapy, thermal-induced cytolysis is used to destroy genital 
warts. Electrocautery is painful, so it should be performed under local anes- 
thesia. If the treatment is overextended, scarring may occur. This treatment 
should not be used in patients with an implanted cardiac device. 


7.8.4 Surgical Excision 


Excision with scissors or scalpel can be a successful single-visit treatment, but if 
the excision is too deep (under the basal lamina), scarring may occur. 


7.8.5 Trichloracetic Acid (80-90% solution) 


Destroy warts by chemical coagulation of proteins. Burning or pain during 
treatment administration is common. If the application is not done with caution, 
the solution can spread to the surrounding tissue and cause damage to it. In such 
case, the trichloracetid acid can be neutralized using soap or sodium bicarbonate 
solution. 


7.8.6 Podophyllotoxin (0.05% solution or 0.15% gel) 


Antimitotic drug preventing the genital wart cells from further dividing. The 
area treated in one session should not exceed 10 cm”. If the treatment is applied 
properly, only mild pain or local irritation may occur. Podophyllotoxin is 
contraindicated in pregnancy. 


7.8.7 Imiquimod (3.75% or 5% cream) 


Imiquimod is a topically active immune response modifier. Imiquimod 
stimulates the production of cytokines (including interferon-alpha) and also 
has a mild antiviral effect. Imiquimod is usually used as a self-administered 
therapy for outpatient use. Mild local skin reactions (itching, burning, and 
erythema) are common; thus, patients should be informed before the first 
application. 
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Table 7.2 Recommended regimens for genital warts. 


Treatment Administered by Treatment scheme Clearance rate? Recurrence rate? Safety in pregnancy 
Cryotherapy Physician ‘Weekly or once every two weeks 46-79% 18-55%”: Yes 

Laser (CO) Physician Single visit/individual 95%! 3%% Yes 

Surgical excision Physician Single visit 93%° 18%° Yes 

Electrocautery Physician Single visit 94%? 29%? Yes 

Trichloracetic acid Physician Once per week for 6-10 weeks 70-81%° 36%° Yes 
Podophyllotoxin Patient Twice daily for 3 days weekly 56% 2-90%f No 

Imiquimod Patient Three times per week up to 16 weeks 50%" 13-19%! Unknown 
Sinecatechins Patient Three times daily up to 16 weeks 51-61%5 4-12% Unknown 


“Data from different studies with different study designs (not intended for direct comparison). 
>Stone et al. 1990. 

“Abdullah et al. 1993. 

4A zizjalali et al. 2012. 

“Jensen. 1985. 

‘Yan et al. 2006. 

®Tzellos et al. 2011. 
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7.8.8 Sinecatechins (10% or 15% ointment) 


Sinecatechins is derived from the extract of green tea leaves. Although sinecatechins 
has been used successfully in the treatment of genital warts, the exact 
mechanism of action in the clearance of the warts is unknown. The most 
common side effects are itching, burning, erythema, and edema. As well as 
imiquimod, sinecatechins is used as a self-administered treatment. 


7.9 Specific Groups 


7.9.1 Immunocompromised Patients 


Immunocompromised patients with suppressed cellular immunity (HIV-infected 
persons) are at higher risk of developing genital warts (Silverberg et al. 2002). In 
these patients genital warts can also grow faster, spread more quickly and recur- 
rences are more frequent. The diagnostic and treatment methods are the same as 
for immunocompetent patients, but coinfection of genital warts with high-risk 
HPV infection is more common therefore in case of atypical course of the disease 
biopsy should be done to exclude squamous intraepithelial neoplasia (Schlecht 
et al. 2010). 


7.9.2 Pregnant Women 


During pregnancy, genital warts can grow quicker because of lower activity of 
cell-mediated immunity and increased vascularization of the genitals. Increased 
vascularization also cause warts to be more fragile and prone to bleeding. 
Podophyllin and podophyllotoxin are contraindicated during pregnancy. 
Treatment with sinecatechins and imiquimod should not be used because of very 
limited data in pregnant women. Cryotherapy and laser treatment are safe both 
for mother and fetus and should be used as a first-line treatment in pregnancy. 
Response to the treatment during pregnancy is poor but it should not be post- 
poned. Children of mother with genital warts in pregnancy are at higher risk of 
developing juvenile-onset recurrent respiratory papillomatosis. But current 
knowledge supports that cesarean delivery is not protective against respiratory 
papillomatosis (Silverberg et al. 2003). Therefore, cesarean delivery due to the 
presence of genital warts during pregnancy is controversial. 


7.9.3 Children 


In children genital warts may be a result of nonsexual HPV transmission. 
Especially in the first years of life genital warts can appear because of transpla- 
cental, perinatal, or postnatal HPV transmission (Jones et al. 2007). Perianal 
warts seems to be more common than genital warts in pediatric population and 
other sexually transmitted coinfections are rare (Handley et al. 1993). Treatment 
of genital warts in a pediatric population is complicated by the absence of rand- 
omized trials or comparative studies of different therapeutic options in children. 
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Even in recently published guidelines, recommendations for children treatment 
are lacking. Destructive therapeutic methods such as cryotherapy, laser, or surgi- 
cal excision are safe but painful, and in case of recurrences, repetitive treatment 
is not well tolerated in children. Surgical excision is therefore often performed 
under general anesthesia, which may cause several complications. Of the nonde- 
structive methods, few reports have appeared in the literature of successful 
imiquimod, trichloroacetic acid, and podophyllotoxin treatment in pediatric 
patients (Stefanaki et al. 2012). Sinecatechins seems to be a reasonable treatment 
for anogenital warts in children who have difficulty tolerating painful destructive 
therapy (Rob et al. 2017b). However all of these drugs are currently not licensed 
for the treatment of children. In preschool-age children, therapy could be post- 
poned because spontaneous regression of warts is more common (Sinclair et al. 
2005). 


7.10 HPV Vaccination 


To date, three prophylactic HPV vaccines based on virus-like particles of the 
L1 capsid protein are available. These vaccines stimulate the immune system 
to produce antibodies that in case of infection bind to the virus and prevent it 
from infecting cells. HPV vaccines provide strong protection against new 
HPV infections, but they are not effective at treating already acquired HPV 
infections or diseases caused by HPV. Therefore, vaccination before sexual 
debut offers highest protection. It is possible to vaccinate children after 9 years 
of age, but highest immunogenicity for both girls and boys is achieved with 
vaccination between 11 and 12years of age (Block et al. 2006). Bivalent vac- 
cine targeting types 16 and 18 are used only in females. Despite the fact that 
bivalent vaccine is targeting primarily two high-risk HPV types, it provides 
partial protection against genital warts. In regions, where immunization pro- 
gram was started with bivalent vaccine the reduction of genital warts in vac- 
cinated population reached up to 30% (Canvin et al. 2016). This effect is 
caused by bivalent vaccine moderate cross-protection efficacy against HPV 
type 6, 11, and 74 infection (Szarewski et al. 2013). Both quadrivalent (target- 
ing types 6, 11, 16, and 18) and newer nonavalent (targeting types 6, 11, 16, 18, 
31, 33, 45, 52, and 58) vaccines are used for males and females. These two vac- 
cines are also targeting the most common HPV types causing genital warts. 
Therefore, the reduction of genital warts in populations with quadrivalent 
immunization program is significant (over 90%) (Ali et al. 2013). The effect of 
vaccine protection should be long-lasting. Studies where vaccinated persons 
were followed over 10 years did not shown any evidence of declining protec- 
tion over time (Naud et al. 2014). After vaccination, mild side effects (pain in 
site of injection, nausea, fever) can occur, but long-term safety data did not 
shown any serious safety concerns of HPV vaccination (Stokley et al. 2014). 
Vaccination of pregnant women is not recommended and should be postponed 
until after delivery. However, from studies conducted so far, HPV vaccination 
during pregnancy does not negatively affect mother or baby. 
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Vaccination of patients with genital warts did not show any effect on the course 
of the disease or recurrence rate. Moreover, studies with adjuvant vaccines failed 
to increase efficacy of conventional therapies (Vandepapeliére et al. 2005). 
Vaccination of HPV positive patients also does not accelerate clearance of the 
infection. 
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8.1 Introduction 


Chlamydia trachomatis is a globally important human pathogen that causes 
inflammation and immunopathology. In the developed world, chlamydial infec- 
tion predominantly affects the urogenital tracts of both females and males. 
Acute infections are relatively benign and often asymptomatic, yet chronic 
infection can progress to irreversible damage and infertility, and has significant 
economic and health burdens. The broader implications of pathogenesis asso- 
ciated with chlamydial infections and specific mechanisms will be explored 
further in this review. 


8.2 Epidemiology 


The World Health Organization has listed C. trachomatis as the most common 
bacterial sexually transmitted infection (STI) in the world, and it has been the 
most reported STI in the United States of America (USA) every year for the last 
23 years (CDC 2015). The current global infection rate stands at a staggering 131 
million new infections annually (WHO 2016). Infection rates have been consist- 
ently increasing for the last 30 years (CDC 2010, 2015), and it is estimated they 
will continue to rise until better prevention strategies, such as vaccines, are in 
place. The incidence of infection is greatest in those aged 15-30, and females 
have twice the infection rates as males (CDC 2015). It is estimated that up to 70% 
of infections in women and 50% in men are asymptomatic, indicating that the 
infection rates are a significant underestimation of the true levels of infection 
(Torrone et al. 2014). The main serovars that are involved in causing genital tract 
infection are serovars D-K, and the less common, but more severe invasive sero- 
vars L1-L3, which cause lymphoma granuloma venereum (LGV). The most 
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predominant C. trachomatis serovars causing genital infection are E and F, 
closely followed by serovar D in Australia, The Netherlands, the United States, 
Greece, and Sweden (Bandea et al. 2001; Jurstrand et al. 2001; Spaargaren et al. 
2004; Lister et al. 2005; Mossman et al. 2008; Papadogeorgakis et al. 2010). 

Due to the asymptomatic nature of chlamydial infections and the subsequent 
lack of treatment infected individuals receive, chlamydial infections have the 
potential to cause multiple sequelae. In women, this can lead to pelvic inflamma- 
tory disease (PID), tubal blockage, ectopic pregnancy and infertility (Kavanagh 
et al. 2013) and this has been examined in depth over the years. In men, less is 
known; however, infection has been linked to epididymitis and prostatitis 
(Redgrove and McLaughlin 2014), inflammation in the epididymis and testes 
(O’Connell and Ferone 2016; Hedger 2011), and decreased fertility due to 
increased sperm DNA damage and decreased motility and viability (Galdiero 
et al. 1994; Cengiz et al. 1997; Hosseinzadeh et al. 2003; Cunningham and Beagley 
2008; Gallegos et al. 2008). Reduced fertility often leads to couples seeking assis- 
tance to have children, and in Australia IVF causes a significant burden on the 
health care system, costing upwards of $300 million per annum in direct costs 
(Chambers et al. 2006). With infection rates on the constant rise, increasing the 
risk of individuals needing expensive treatment for reproductive pathologies 
including infertility, it is imperative that preventative measures are developed 
and implemented. 


8.3 Chlamydial Biology 


Chlamydia trachomatis is a Gram-negative obligate intracellular bacterium with 
a tropism for mucosal epithelia. Chlamydiae have a morphologically distinct 
biphasic developmental cycle comprised of a rigid extracellular, infectious and 
metabolically inert elementary body (EB), and an intracellular, noninfectious, 
metabolically active replicating reticulate body (RB). Despite lacking traditional 
peptidoglycan in the membrane, the EB shows high resistance to environmental 
and physical disruption; due primarily to matrices of highly cross-linked 
disulfide-bonded outer membrane proteins, principally (60%) made up of the 
major outer membrane protein (MOMP) (Hatch et al. 1984; Hatch 1996). 


8.3.1 The Attachment and Entry of Chlamydial EBs 


Initially, chlamydial EBs attach to host cell outer membranes by electrostatic, 
relatively weak and reversible binding to heparin sulphate proteoglycans 
(Su et al. 1996). Following attachment, the EB binds and induces irreversible 
host cell microvillar hypertrophy. Remodeling of the actin cytoskeleton facili- 
tates invagination in host membrane architecture and induces clathrin-medi- 
ated endocytosis, evidenced by detectable EBs within clathrin-coated pits 
(Hodinka et al. 1988) and co-localization of C. trachomatis with clathrin heavy 
chains (Majeed and Kihlstrom 1991). 

Unlike other intracellular pathogens, the entry of Chlamydiae into cells can be 
active or passive. Uniquely, IgG-opsonized chlamydial EBs can be internalized by 
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Fc gamma receptor-mediated endocytosis but are able to avoid lysosomal fusion 
and continue to replicate (Smith and Fitzgeorge 1964; Scidmore et al. 1996). 
Chlamydial opsonization can also utilize IgG transcytosis by the neonatal Fc 
receptor (FcRn) to enhance chlamydial translocation across intact epithelial 
barriers (Armitage et al. 2014), using FcRn-mediated uptake as another mecha- 
nism of entry. These abilities of Chlamydiae to enter host cells unchallenged, or 
opsonized with antigen-specific IgG, both enhances the infectivity of Chlamydiae, 
but also weakens the efficacy of the recall immune response developed in 
response to infection. 


8.3.2 The Chlamydial Inclusion 


Once an infectious EB enters the host cell, it begins to form a parasitophorous 
vacuole, termed the inclusion. Unlike other intracellular pathogens, C. trachomatis 
undergo their entire 72-hour replicative life cycle within the inclusion. Following 
endocytosis, the internalized EB is encapsulated within a tightly bound mem- 
brane vacuole, which contains no markers of endocytic or lysosomal pathways, 
and is considered non-fusogenic (Fields and Hackstadt 2002). However, the 
inclusion is able fuse with host cell vesicle trafficking pathways and allows 
Chlamydiae to hijack and sequester host cell glycerolphospholipids, sphingomy- 
elin, cholesterol, and other metabolites destined for host plasma membranes 
(Hackstadt et al. 1995). Chlamydia spp. lack the genes necessary for lipid synthe- 
sis and are thus reliant on host-derived lipids for survival (Stephens et al. 1998). 
The re-routing of host lipid pathways suggests that while being non-fusogenic 
and disassociated from endocytic compartments, Chlamydiae can fuse with exo- 
cytic vesicles destined for the host cell plasma membrane. The inclusion mem- 
brane prevents fusion with the host endocytic pathway whilst permitting passive 
flux of cytoplasmic ions, but not low molecular weight particles (larger than 
0.5kDa), suggesting receptor-mediated transport is utilized for nutrient acquisi- 
tion (Heinzen and Hackstadt 1997; Grieshaber et al. 2002). 


8.3.3 Chlamydial Replication and Persistence 


The intracellular replication of C. trachomatis can be broadly grouped into 
three major temporal stages that express crucial proteins: early (0-6 hours), 
intermediate (6-12 hours), and late (12+ hours) transcription (Shaw et al. 2000). 
Following endocytosis, the EB initiates cleavage of the EB outer membranes 
(Hatch et al. 1984, 1986), begins transcription and translation within 15 min- 
utes, and within 4hours has completed at least one round of binary fission 
(Shaw et al. 2000). This early replication process coincides with inclusion for- 
mation (Shaw et al. 2000), inhibition of phagolysosomal fusion (Scidmore et al. 
1996), and trafficking to the host Golgi apparatus along microtubules (Clausen 
et al. 1997). After arriving at the Golgi, Chlamydiae secretes Type III secretion 
system (T3SS) proteases (Christian et al. 2011) that interact with host cell pro- 
teins while undergoing binary fission as RBs. Once a critical mass of replication 
has been achieved, RBs begin to de-differentiate back into EBs, which includes 
packaging of untranslated mRNA into the condensed nucleoprotein core of 
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EBs. This untranslated mRNA is utilized together with normal DNA-dependent 
RNA synthesis during reinfection (Shaw et al. 2000). After completing a single 
development cycle, a single EB can yield between 120 (C. trachomatis serovar 
H), 240 (C. trachomatis serovar D), and 950 (C. muridarum) progeny, which go 
onto to infect other cells or are transmitted to another host (Lyons et al. 2005). 
Release of chlamydial EBs occurs by two mutually distinct pathways. The prin- 
ciple mechanism of release is host cell lysis, which is initiated by increased 
membrane permeability of the inclusion, nucleus, and finally the host cell 
plasma membrane rupture (Hybiske and Stephens 2007). The secondary mech- 
anism of EB release is extrusion, which is preceded by budding of the inclusion 
membrane containing a small number of EBs, which are trafficked to the host 
cell membrane and released via exocytosis (Hybiske and Stephens 2007). 
Extrusion has also been shown to be critical for the exit of EBs from infected 
macrophages (Zuck et al. 2016). 

Chlamydiae can also enter a persistent state of growth if exposed to cellular 
and molecular stresses. This dormant phase of chlamydial growth is character- 
ized by large pleomorphic RBs, termed aberrant bodies (AB), which are nonin- 
fectious but remain viable within the cell. A hallmark of ABs as opposed to 
dying RBs is that removal of the stresses often allows the Chlamydiae to 
re-enter the normal developmental cycle. The transition of RBs into ABs can be 
induced by treatment with antibiotics, deprivation of amino acids or iron, coin- 
fections, heat shock, or cytokines (Hogan et al. 2004). Treatment with antibiot- 
ics (penicillin or erythromycin) blocks conversion of RBs into EBs arresting the 
developmental cycle and may explain why chlamydial DNA and antigen are 
detectable in the fallopian tubes of noninfectious infertile women previously 
treated with antibiotics (Patton et al. 1994). Deprivation of nutrients also 
induces persistence, particularly removal of tryptophan and iron (Beatty et al. 
1994b; Goellner et al. 2006; LaRue et al. 2007). Interestingly, an excess of amino 
acids can also induce persistence, principally functioning through autophagy 
(Al- Younes et al. 2004). Pro-inflammatory cytokines such as interferon (IFN) y 
can also induce persistence (Beatty et al. 1994b). Binding of IFNy to its receptor 
induces expression of indoleamine 2,3-dioxygenase (IDO), which catalyzes the 
intracellular pool of L-tryptophan inducing persistence in a mechanism similar 
to nutrient deprivation (Beatty et al. 1994b; Beatty 1994a). These multiple 
mechanisms for escaping host-cell induced death and maintaining viability 
while under stress adds to the complications and pathogenesis associated with 
chronic infections. 


8.4 Clinical Features 


Genital tract C. trachomatis infections place a significant economic burden on 
healthcare systems globally, primarily due to the pathological outcomes of 
chronic infection. While acute C. trachomatis infections are frequently self- 
resolving without long-term damage, chronic infections can lead to destructive 
pro-inflammatory responses and clinical disease. Clinical manifestations of C. 
trachomatis infections include inflammation and pathology of the urogenital and 
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anorectal tracts (Brunham and Rey-Ladino 2005; Darville and Hiltke 2010). In 
addition to clinical disease driven directly by Chlamydia, infected individuals 
have a significantly higher risk of acquiring and transmitting other sexually 
transmitted pathogens such as human immunodeficiency virus (HIV), human 
papilloma virus (HPV), and herpes simplex virus (HSV) (Dodd 1994). 


8.4.1 Urogenital Tract Infections 


In most cases, C. trachomatis initially infects the cervix of females and the ure- 
thra in males. The inability to control and resolve initial infections can lead to 
upper urogenital tract infections, which are directly associated with chlamydial 
pathology and disease, leading to infertility in both sexes. 


8.4.2 Female Urogenital Tract 


The female urogenital tract is separated into two anatomical compartments con- 
sisting of the urinary (kidneys, ureters, bladder, and urethra) and the reproduc- 
tive (vagina, cervix, uterus, fallopian tubes, and ovaries) tracts. Although less 
common in females than males, Chlamydia infection of the urinary tract causes 
inflammation of the urethra, known as urethritis. Symptoms of urethritis in 
women are similar to those in men, including increased frequency of urination 
and dysuria characterized by pain, discomfort, or burning during urination 
(Stamm et al. 1980). 

The female reproductive tract (FRT) is divided into the lower FRT (vagina and 
ectocervix) and the upper FRT (endocervix, uterus, fallopian tubes, and ovaries). 
During initial colonization of the cervix, local inflammation with or without 
mucopurulent discharge is diagnosed as clinical cervicitis. Symptoms are typi- 
cally nonspecific, such as itching, vaginal discharge, friable, easily bleeding cervi- 
cal ectopy, dyspareunia, and intermenstrual bleeding. Importantly, more than 
70% of initial infections are asymptomatic, and during physical examination a 
normal-appearing cervix is observed in up to 90% of women with asymptomatic 
chlamydial infection (Geisler et al. 2007). In most cases, spontaneous clearance 
of cervical infection occurs. However, untreated infections may persist for up to 
four years (Molano et al., 2005; Geisler et al. 2013). Following cervical coloniza- 
tion, organisms ascend to the upper FRT in 9.5—30% of infected women (Svensson 
et al. 1983), where infection is associated with the development of pelvic inflam- 
matory disease (PID), endometriosis, and salpingitis. Ascending infections can 
also be asymptomatic, causing chronic damage and inflammation that may 
directly lead to infertility or subfertility. This is supported by findings in women 
undergoing IVF, where 37% were positive for serum anti-C. trachomatis IgG 
compared with 12% of control patients (Keay et al. 1998). 

PID is an inflammatory disorder that involves the uterus, fallopian tubes, and 
adjacent pelvic structures. The estimated prevalence of PID from ascending 
chlamydial infection varies between 1% and 30% with rates dependent on both 
the diagnostic regime employed and the population tested (Land et al. 2010). 
Symptomatic PID may present clinically with lower abdominal pain, fever, 
cramping, dysuria, intermittent bleeding, and mucopurulent vaginal discharge. 
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In 10-20% of women with PID, chronic and prolonged infection of the fallopian 
tube tissues causes scarring and occlusion, leading to tubal infertility (Land et al. 
2010). Furthermore, the risk of infertility increases with subsequent PID epi- 
sodes, with 40% infertility rates observed after three or more PID episodes 
(Westrom et al. 1992). In the United States, the Centers for Disease Control and 
Prevention (CDC) estimates the annual cost of PID and associated sequelae 
exceeds US$4.2 billion, which poses a significant economic burden (Washington 
and Katz 1991). Data from the National Survey of Family Growth has reported a 
decline in PID incidence from 8.6% in 1995 to 4.4% during 2013-2014 in sexually 
experienced women aged 15-44 in the United States (Leichliter et al. 2013; 
Kreisel et al. 2017), which may be due to increased chlamydial screening leading 
to early detection and treatment preventing ascending infections and disease 
development. 

The two major upper FRT pathologies, endometriosis and salpingitis, have 
been linked to ascending chlamydial infection and observed in conjunction with 
or prior to PID (Kiviat et al. 1990; Eckert et al. 1997; Debattista et al. 2004). 
Chlamydial infection as a cause of endometriosis is controversial. Some studies 
have suggested that endometriosis may be linked to chlamydial infection 
(Debattista et al. 2004; Penninx et al. 2009); however, Oppelt et al. (2010) reported 
no direct association of chlamydial organisms with endometriotic lesions, and 
Gazvani et al. (2011) observed no correlation between serum or peritoneal anti- 
chlamydial IgG or IgA and endometriosis incidence. 

In contrast to the controversial role in endometriosis, C. trachomatis infection 
directly correlates with fallopian tube inflammation, termed salpingitis. Osser 
et al. (1989) reported that in women with tubal infertility, 86% had high titers of 
serum anti-C. trachomatis IgG compared with only 28.6% of infertile women 
with clinically normal tubes (Osser et al. 1989). Acute salpingitis may result in 
long-term adverse events, including peritubal adhesions, postinflammatory 
fibrosis, and tubal occlusion leading to infertility. Like PID, the risk of tubal infer- 
tility increases by 75% after three or more episodes of salpingitis. Although com- 
monly associated with PID, 50% of women with documented infertility due to 
tubal occlusion report no history of PID but show serologic evidence of previous 
C. trachomatis infection (Osser et al. 1989). 

Interestingly, infertility following chlamydial infection is not always associated 
with PID and salpingitis, suggesting a role for Chlamydia infection on the ovaries 
and ovarian function. The ovaries have multiple functions in female fertility, 
including the production of the hormones estrogen and progesterone, required 
for regulation of the menstrual cycle, and the development of mature oocytes. 
Keay et al. (1998) showed that during IVF, 45% of women with poor ovarian 
stimulation by gonadotrophin were seropositive for anti-chlamydial IgG. In con- 
trast, in women reported as good responders, only 30% reported detectable 
serum anti-chlamydial IgG (Keay et al. 1998). While the direct role of Chlamydia 
infection on ovarian function in humans is yet to be determined, recent studies 
reported that in the absence of clinically confirmed tubal pathology, a reduction 
in the rate of spontaneous pregnancy was observed in Chlamydia seropositive 
women (Coppus et al. 2011; Steiner et al. 2015). Further, seropositive women 
with no clinical evidence of tubule damage or occlusion have a 35% reduction in 
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fecundability (Steiner et al. 2015), impaired oocyte maturation and lower preg- 
nancy rates when undergoing IVF (Pacchiarotti et al. 2009). The detection of 
chlamydial organisms in ovarian tissue of women via PCR (Toth et al. 1983, 2000; 
Barlow et al. 2001) further supports a role of infection on ovarian function. These 
data suggest that infection disrupts ovarian function, leading to subfertility. In 
summary, chronic chlamydial infection can impair female fertility by multiple 
mechanisms, involving inflammatory responses that damage the fallopian tubes 
and impair ovarian function. 


8.4.3 Infection and Pregnancy 


Chlamydia infection in females may result in the ineffective transport and 
implantation of the fertilized egg to the uterus, resulting in an ectopic pregnancy 
(Marion and Meeks 2012), defined as implantation of the fertilized egg outside 
the uterus, usually within the fallopian tube, which cannot support a viable preg- 
nancy and can be life threatening for the mother. It is estimated that 9% of women 
with chlamydial associated PID will develop a tubal ectopic pregnancy (Johnson 
et al. 2002). 

The prevalence of C. trachomatis infection during pregnancy is variable with 
reported ranges of 2-35% (Martin et al. 1982; Schachter et al. 1986). Infection 
during pregnancy is associated with a tenfold increase in the risk for adverse 
pregnancy outcomes, including low birth weight, preterm delivery, premature 
rupture of membranes (PROM), miscarriage, and neonatal death (Martin et al. 
1982; Sweet et al. 1987; Ryan Jr et al. 1990; Baud et al. 2008; Adachi et al., 2016). 
The direct role of infection is unclear by may be associated with miscarriage, 
still births, and preterm labor (Baud et al. 2008). Furthermore, vertical trans- 
mission of Chlamydia during childbirth from the infected mother to child has 
been reported in 24-50% of cases (Schachter et al. 1986; Yu et al. 2009). As 
expected, a higher vertical transmission rate of 66.7% following vaginal deliv- 
ery was reported compared to 8.3% for caesarean section (Yu et al. 2009). 
Vertical transmission has significant effects on the neonate, causing infection 
of the conjunctivae, nasopharynx, rectum, and vagina (Hammerschlag et al. 
1982), with conjunctivitis and pneumonia the most common sequelae. Clinical 
conjunctivitis has been reported in 30-50% of babies born to mothers with 
untreated chlamydial infection and typically presents within twoweeks of 
delivery (Hammerschlag et al. 1982; Schachter et al. 1986). Prior to the intro- 
duction of systematic prenatal screening programs, vertical transmission of 
Chlamydia was the most common infectious cause of neonatal conjunctivitis 
in the United States (Hammerschlag et al. 1982). If neonatal infection remains 
untreated, 10—20% infants born to infected mothers develop clinical pneumo- 
nia at around 4—17 weeks after birth (Claesson et al. 1989; Hammerschlag et al. 
1989). Chlamydial pneumonitis may adversely affect respiratory functions well 
into adulthood and also exacerbate asthma (Hansbro et al. 2004). In the early 
1980s, CDC recommended screening and treatment of pregnant women for 
C. trachomatis. This early intervention does not occur in many countries 
(Adachi et al. 2016) and may account for the large variability in infection rates 
during pregnancy. 
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8.4.4 Male Urogenital Tract 


Unlike the compartmentalized female urogenital tract, the urethra transports 
both urine from the bladder and semen in the ejaculate from the upper male 
reproductive tract (MRT). The lower MRT includes the penile urethra, prostate 
gland, bladder, and accessory glands. Chlamydial infections in men are readily 
detected through simple noninvasive urine sampling and nucleic acid amplifica- 
tion testing (NAAT) PCR. While this allows rapid diagnosis of colonization, 
urine sampling does not differentiate between upper and lower MRT infections 
(Bornman et al. 1998). 

Chlamydia trachomatis infection of the lower MRT causes inflammation in 
the penile urethra, bladder, prostate, and accessory glands (Shurbaji et al. 1990; 
Corradi et al. 1996; Krause 2008). The urethra is considered the initial site of 
Chlamydia infection, which can cause urethritis. Urethritis is the inflammation 
of the urethra and symptoms include a yellow purulent discharge, mucus with 
pus, or just clear mucus at the penile meatus. C. trachomatis infection of the 
penile urethra is estimated to cause 30-56% urethritis cases. However, large vari- 
ations in rates have been observed, depending on the type of diagnostic tests 
used (Bakare et al. 2002; Wiggins et al. 2006). Furthermore, C. trachomatis infec- 
tion appears to be equally present in both symptomatic and asymptomatic ure- 
thritis (Tait and Hart 2002). Chlamydial infection of the prostatic urethra has 
been described and was associated with inflammation and presence of bullous 
lesions in patients with asymptomatic gross hematuria (Kamura et al. 2003). 
While untreated infections may persist, spontaneous resolution of infection 
commonly occurs (Geisler 2010). 

The prostate is a small gland surrounding the urethra that produces fluid that 
facilitates sperm viability and transport, contributing approximately one-third of 
seminal plasma. Inflammation of the prostate is known as prostatitis. C. tra- 
chomatis infections are detected in 8—40% of cases of prostatitis (Shurbaji et al. 
1988; Abdelatif et al. 1991; Corradi et al. 1996; Skerk et al. 2009), with a high vari- 
ation in rates due in part to sampling difficulty in obtaining prostatic specimens 
uncontaminated from other tissue sites (Mardh et al. 1978; Krieger 2004a, 
2004b). A study of men with chronic prostatitis showed 9% to have C. trachoma- 
tis prostate infections (Skerk et al. 2009). Further, males with Chlamydia associ- 
ated chronic prostatitis reported a three times higher prevalence of premature 
ejaculation (Cai et al. 2014), suggesting Chlamydia-induced chronic inflamma- 
tion leads to reproductive dysfunction. 

Following initial colonization of the lower MRT, infection can spread to the 
upper MRT, either through the direct ascension through the reproductive tract 
or potentially via transmission in infected macrophages (to be discussed later). 
The presence of chlamydial organisms to the upper MRT is associated with 
inflammation of the vas deferens, epididymis, and testes (Cunningham and 
Beagley 2008). Signs and symptoms of upper MRT inflammation include red, 
swollen, and warm scrotum, painful intercourse and ejaculation, testicular pain 
and tenderness, lump(s) in testes, painful frequent urination, swollen inguinal 
lymph nodes, discharge from penis, and blood in the semen. Like the FRT, 
chronic infection and inflammation of the upper MRT may be associated with a 


Chlamydia Trachomatis Urogenital Infections: Epidemiology, Clinical Presentations, and Pathogenesis 


higher incidence of adverse reproductive outcomes (reviewed in (Cunningham 
and Beagley 2008; Mackern-Oberti et al. 2013)). 

Chlamydia trachomatis infections account for 31% of cases of epididymitis 
and are the most common cause in men under 35 years of age (Ostaszewska et al. 
2000; Zdrodowska-Stefanow et al. 2000). The primary role of the epididymis is to 
facilitate the final stages of spermatozoa maturation. As such, inflammation 
from infection poses significant risk to developing spermatozoa and male fertil- 
ity. The infection of the testes, leading to orchitis, commonly occurs in conjunc- 
tion with epididymitis (Mulcahy et al. 1987; Nicholson et al. 2010). C. trachomatis 
organisms have been reported to be detected in men with acute epididymo- 
orchitism in an age-related manner with detectable organisms observed in 45% 
of men under 35, but in only 9% over 35 (Mulcahy et al. 1987). Chlamydial infec- 
tion and inflammation of the testes potentially increases the risks of infertility 
through compromise of the blood—testes barrier, damaged Sertoli cells, impaired 
spermatogenesis, immune infiltration and auto-immunity (Reviewed in 
(Cunningham and Beagley 2008)). Importantly, Chlamydia infection for the 
upper MRT was reported to occlude MRT tubules, decrease acrosome activity, 
increase sperm DNA fragmentation, and reduce motility by adherence to sperm 
(Friberg et al. 1987; Jungwirth et al. 2003; Gallegos et al. 2008). 


8.4.5 Anorectal Tract Infections 


Chlamydia trachomatis can also infect the rectal mucosa leading to inflamma- 
tion known as proctitis. Inflammation that extends >15cm into the sigmoid 
colon is termed proctocolitis. Like infection of the genital tract, anorectal infec- 
tions are also often asymptomatic. In a study of men who have sex with men 
(MSM), up to 85% of rectal chlamydial and gonorrheal infections were asympto- 
matic (Kent et al. 2005). However, symptoms of anorectal infection may include 
anal pain, pruritus, bleeding, diarrhea, mucoid discharge, anorectal erythema, 
discharge or ulceration. Anorectal infections were commonly associated with 
MSM populations with infection rates of 7-14% reported (Kent et al. 2005; van 
Liere et al. 2014a; Patton et al. 2014). However, recent screening in women has 
reported similar rates of 6-15% (Barry et al. 2010; Javanbakht et al. 2012; van 
Liere et al. 2014b). While anorectal infection rates are similar in men and women, 
male anorectal infections may be present in the absence of urogenital infection, 
while in women infection usually occurs together with FRT infections (Kent 
et al. 2005; Bax et al. 2011; Koedijk et al. 2012; Javanbakht et al. 2012; van Liere 
et al., 2014b). This suggests that rectal infections may result from cross- 
contamination with vaginal secretions and is supported by the observation that 
rectal infection has been reported in women who do not engage in anal sex 
(Barry et al. 2010). Furthermore, Bax et al. (2011), showed that while female 
concurrent genital and rectal infections were usually due to the same serovar, 
in males different serovars were often reported with D/Da and G/Ga present in 
rectal samples and serovar E present in urogenital tract samples, suggesting 
tissue tropism (Bax et al. 2011). Interestingly, routine anorectal testing found a 
50-66% anorectal infection rate in both women and MSM who did not report 
anal sex (Friberg et al. 1987; Barry et al. 2010; Patton et al. 2014). 
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8.4.6 Gastrointestinal Chlamydial Infections and Persistence 


Investigators and veterinarians working with non-human chlamydial infections 
have recognized for more than a century that many chlamydial species persist in 
the gastrointestinal (GI) tract of animals and birds, potentially for the life of the 
animal. This has been demonstrated in parrots/parakeets, sheep, cattle, goats, 
pigs, and in mice and guinea pigs following experimental infection (reviewed in 
(Rank and Yeruva 2014)). The argument has been made that the GI tract is the 
natural habitat for Chlamydiae in all these species and that the fecal oral route is 
a common route of infection and transmission. There is now increasing evidence 
to support the existence of GI C. trachomatis infections in humans and the pos- 
sibility that reinfection in many women may be due to autoinfection from the 
rectal/cecal reservoir, as an alternative to the persistence paradigm has been sug- 
gested (Rank and Yeruva 2014). Several studies have demonstrated the presence 
of rectal Chlamydia in women attending STI clinics (Barry et al. 2010; Hunte 
et al. 2010; Gratrix et al. 2015) and a review of published studies (Chan et al. 
2016) found a range of rectal Chlamydia carriage of 2.1-23% with a median of 
8.9%. In most studies, cases of rectal-only carriage were found, and importantly, 
there was often no correlation between self-reported anal sex and rectal 
Chlamydia. In infants born to Chlamydia-infected mothers, Schachter and col- 
leagues (1986) found rectal and vaginal infections in 14% of infants and Bell et al. 
(1992) found that in infants with rectal infections, these were often long-lasting 
(>370 days). Evidence from animal models suggests that Chlamydiae may persist 
in the GI tract even in the presence of a host immune response that clears a geni- 
tal infection (Rank and Yeruva 2014). Furthermore, Chlamydiae in the GI tract 
may also be resistant to antibiotic therapy that would clear a genital infection 
(Whittington et al. 2001; Yeruva et al. 2013), meaning a GI reservoir could persist 
and give rise to genital reinfection via auto-inoculation. While the evidence of GI 
chlamydial infections is strong in animals, more research is needed to determine 
what role a cecal/rectal reservoir of C. trachomatis plays in human infection/ 
reinfection. However, if GI chlamydial infections are shown to be important for 
human chlamydial infection, this would have important implications for both 
antibiotic therapy and vaccine development. 


8.4.7 Lymphogranuloma Venereum 


Lymphogranuloma venereum (LGV) is an invasive, systemic disease resulting 
from infection of lymph nodes and lymphatics. LGV is caused by C. trachomatis 
serovars L1, L2, and L3, which, compared to serovars D-K, are more invasive 
(Stoner and Cohen 2015). LGV probably affects both sexes equally, but in Europe 
and North America most cases involve white, frequently HIV-positive MSM 
(Ronn et al. 2014; Ceovic and Gulin 2015; Childs et al. 2015). Both urogenital and 
anorectal primary infections with serovars L1-3 contribute to LGV develop- 
ment. Clinical LGV development is divided into three stages (Ceovic and Gulin 
2015). In the first stage, a lesion occurs at the primary infection site usually in 
3-30 days after infection, which may be asymptomatic and remain untreated. 
The second stage typically occurs 2-—6weeks following untreated primary 
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infection. This results in either inguinal syndrome (inflammation of the inguinal 
lymph nodes) following primary infection of the anterior vulva, penis, or urethra; 
or anorectal syndrome after primary infection of the posterior vulva, vagina, or 
anus. This second phase is typically associated with painful symptoms including 
unilateral lymph node enlargement, inflammation, suppuration, and abscesses in 
two-thirds of patients. Symptoms may also include systemic low-grade fever, 
chills, malaise, myalgias, and arthralgias. Progression to second-stage LGV is 
more common in men than women. The third stage is characterized by chronic 
inflammation and tissue destruction, resulting in the formation of perirectal 
abscess, fistulas, strictures, and stenosis of rectum. Hemorrhoid-like swellings 
called lymphorroids may develop, resulting in the obstruction of perirectal and 
intestinal lymphatics. A resulting chronic edema and sclerosing fibrosis may lead 
to strictures and fistulas that can cause elephantiasis of the genitals, with penile 
and scrotal edema and distortion in males, and chronic ulcerative disease of 
vulva leading to disfiguring fibrosis and scarring in females. LVG that develops 
following primary proctitis may result in rectal stricture and the abnormal dila- 
tion of the colon (Harrison et al. 2016). 


8.5 Pathogenesis of Chlamydial Infections 


Attempts to understand how seemingly benign acute chlamydial infections cause 
extensive damage to reproductive tract tissues has led to two opposing hypoth- 
eses. The immunological hypothesis posits that an adaptive immune response 
(delayed type hypersensitivity and/or antibody) by immune T and B cells against 
chlamydial antigens that have high homology with host antigens is the cause of 
tissue destruction (Brunham and Rey-Ladino 2005). The cellular hypothesis pro- 
posed by Stephens (2003) posits that tissue damage is due to an overproduction 
of inflammatory mediators by the infected tissue cells, resulting in an overexu- 
berant innate immune response. 

The chlamydial heat-shock protein 60 (Hsp60) has been proposed as the major 
candidate antigen that drives pathogenic T-cell responses and potentially anti- 
Hsp60 antibodies as the main cause of tissue destruction under the immunologi- 
cal hypothesis. However, the weight of evidence to support this antigen as a driver 
of tissue damage is not strong (reviewed in (Stephens 2003; Murthy et al. 2016)). 
Today, most evidence supports the cellular hypothesis as the cause of chlamydial 
pathology and implicates excessive production of inflammatory mediators, such 
as IL-1, IL-6, IL-8, IL-11, type 1 interferons, TNF, various chemokines, and matrix 
metalloproteases as the cause of tissue destruction (Rasmussen et al. 1997; 
Stephens 2003). These mediators may directly damage tissues and/or recruit 
inflammatory cells that further drive tissue damage as a rapid influx of inflamma- 
tory cells is a hallmark of both acute infection and reinfection. 


8.5.1 Pathogenesis of Female Genital Tract Chlamydial Infections 


The female reproductive tract is a complex mucosal tissue that must maintain a 
stable microbiome, produce ova, facilitate embryonic implantation and growth, 
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prevent tissue rejection of an MHC-mismatched placenta, and also protect 
against infectious diseases. 


8.5.2 Lower FRT Pathogenesis 


Chlamydia trachomatis infection of the lower FRT occurs initially in the cervix. 
Studies in hysterectomized mice showed that C. muridarum but not C. tra- 
chomatis can infect vaginal squamous epithelial cells (Yang et al. 2017) consist- 
ent with findings that human vaginal squamous epithelial cells are not natural 
infection targets (Schachter and Grossman 1981). In young women, however, 
cervical ectopy is a common physiological process, where the columnar epithe- 
lium of the endocervix protrudes into the vaginal lumen. In a UK study, the inci- 
dence of chlamydial infection was detected in 37% of young women with cervical 
ectopy, compared to 22% of young women without cervical ectopy (Lee et al. 
2006) suggesting that cervical ectopy increases the likelihood of infection. 


8.5.3 Upper FRT Pathogenesis 


The cervix connects the lower female reproductive tract (LFRT) to the upper 
female reproductive tract (UFRT), allows ascension of spermatozoa and has 
a pivotal role in immune defense against genital tract infections. Following 
chlamydial infection of the simple columnar epithelium of the endocervix, 
pro-inflammatory chemokines CXCL1, CXCL16 and cytokines IL1, IL6, IL8, 
GM-CSF, and TNFa are secreted (Rasmussen et al. 1997). The secretion of 
these cytokines recruits natural killer (NK) cells and neutrophils, which are 
co-stimulated by CXCL5 and CXCL10 to secrete IFNy, IFNo, IFN§, and IL-12 
(Maxion and Kelly 2002; Johnson 2004). The production of these proinflamma- 
tory cytokines polarizes the adaptive immune system toward T-helper (Th) 1 
and Th17 type immune responses, which are necessary for overcoming infec- 
tion, but are also associated with deleterious tissue pathology in the UFRT 
(Andrew et al. 2013; O’Meara et al. 2014). 

The fallopian tube lumen is lined with ciliated and secretory epithelial cells. 
Using an ex vivo model of healthy human fallopian tube tissues, Hvid et al. dem- 
onstrated that C. trachomatis infection directly causes acute tissue destruction 
and ciliated epithelial cell dissociation due to ILla and IL8 production, which 
could be ameliorated with an IL1 receptor antagonist (Hvid et al. 2007). Thus, 
Chlamydia-infected epithelia are susceptible to pathology in the absence of leu- 
kocytes, implying that the innate epithelial response is the sole driver of disease 
(“the cellular hypothesis” of pathology) through continuous production of IL1, 
IL6, IL8, and TNFa (Stephens 2003). However, the recruitment of innate and 
adaptive immune cells to infected epithelia have been shown to both provide 
protection and exacerbate immunopathology in the fallopian tubes of humans 
and animal models (Darville and Hiltke 2010; O’Meara et al. 2014b) suggesting 
that the cellular and immunological hypotheses are not mutually exclusive. 

In mouse models, chlamydial infection of the fallopian tubes (termed oviducts 
in mice) leads to a rapid influx of neutrophils, which are associated with irrevers- 
ible scarring and complete blockage of the tubules rendering the mice infertile 
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(Shah et al. 2005; O’Connell et al. 2007). In mice deficient in the IL1 receptor 
ligands IL1a or IL1, oviduct pathology is decreased, but still present, indicating 
other factors are also important (Prantner et al. 2009). Indeed, in vitro infection 
of human fallopian tube epithelia also leads to secretion of TNFa (Ault et al. 
1996). While ILla is produced by Chlamydia-infected epithelia (Rasmussen 
et al. 1997; Hvid et al. 2007), macrophages and neutrophils are the major sources 
of IL1fp during chlamydial infection and are strong correlates for tubal factor 
infertility in humans and mice (Hvid et al. 2007; Agrawal et al. 2009; Prantner 
et al. 2009; Frazer et al. 2011; Nagarajan et al. 2012). Neutrophils are rapidly 
recruited to Chlamydia-infected UFRT tissues of mice and humans (Lee et al. 
2010a, 2010b) and have been shown to control chlamydial burden during the 
early stages of infection (Barteneva et al. 1996; Lacy et al. 2011). However, neu- 
trophil quantity and duration of recruitment directly correlates with oviduct 
occlusion (Darville et al. 1997, 2001; Shah et al. 2005). Indeed, depletion of neu- 
trophils or deletion of their chemotaxins (CXCR2, IL8/MIP-2) have been dem- 
onstrated to minimize the severity of immunopathology (Lee et al. 2010b). 
Macrophages also have a role in inflammation during chlamydial infections. 
Tissue resident and myeloid macrophages, in addition to phagocytosis of cellular 
debris and pathogens, secrete pro-inflammatory mediators such as IL1, nicoti- 
namide adenine dinucleotide phosphate (NADPH) oxidase, and nitric oxide syn- 
thase (iNOS) in response to infection. They also secrete oxygen and nitrogen free 
radicals (Rajaram and Nelson 2015) and activate MMPs that influence tissue 
remodeling and scarring in response to damage. Chlamydia spp. can infect and 
survive within macrophages, allowing prolonged infection and another mecha- 
nism of dissemination and immune evasion via extrusion of infectious progeny 
within host membrane-derived microvesicles (Beagley et al. 2009; Zuck et al. 
2016). Infected macrophages have been found in lymph nodes of LGV patients 
(Hadfield et al. 1995) and circulating in the blood of C. muridarum-infected mice 
(personal observation). Classically defined M1 and M2 macrophages have also 
been investigated with the inflammatory M1 macrophage, harboring 40-fold 
fewer infection-forming units (IFUs) than the anti-inflammatory M2 mac- 
rophage (Gracey et al. 2013). Although macrophages appear to play an important 
role in chlamydial infection and pathogenesis, further research is required. 

In female athymic mice, or mice deficient in MHC class II (CD4 T cell”), 
urogenital chlamydial infection fails to resolve but also causes hydrosalpinx, 
indicating chronic innate inflammatory responses are sufficient to cause infertil- 
ity (Morrison et al. 1995). CD4 T cells are arguably the most important immune 
cell in resolution of chlamydial infection and protection from pathogenesis, and 
are potent producers of inflammatory cytokines IFNy, TNFa, and IL17 (O’Meara 
et al. 2014a). Importantly, recruitment and maintenance of resident CD4 T cells 
resolves infection and protects against reinfection (Igietseme and Rank 1991; 
Johnson and Brunham 2016). However, the adaptive immune response has also 
been implicated in immunopathology, as OT-I mice, which are unable to gener- 
ate Chlamydia-specific CD8 T cells, do not develop hydrosalpinx, indicating that 
CD8 T cells also have a role in tubule-factor infertility (Manam et al. 2013). 
Adoptive transfer of wild type CD8 cells to OT-1 mice, prior to infection, restored 
infection-induced hydrosalpinx, confirming a pathogenic role for CD8 T cells. 
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8.5.4 Pathogenesis of Male Urogenital Tract 


In males, C. trachomatis can colonize and cause inflammation throughout the 
MRT and compromise male fertility. This can affect sperm production and qual- 
ity, sperm storage and maturation in the epididymis and the function of the 
accessory glands such as the prostate. 


8.5.5 Chlamydial Urethritis and Prostatitis 


Chlamydial infection of the urethra and the influence on inflammation has been 
investigated using urethral swabs sampling the prostatic and penile urethra. 
Infection of the prostatic urethra was associated with inflammation and pres- 
ence of bullous lesions in patients with asymptomatic gross hematuria (Kamura 
et al. 2003; CDC 2015). Infection of the penile urethra leads to increased luminal 
concentrations of secretory immunoglobulin A (SIgA), IgG, and IL-8; but not 
serum immunoglobulins suggesting localized plasma cell immunoglobulin 
secretion and epithelial IL-8 production (but not IL-1, 2, 6, 10, 12, 18, or IFNy) 
(Pate et al. 2001). Chlamydial infection of the pre-prostatic urethra and membra- 
nous urethra have not been reported, likely due to the small length and difficulty 
in sampling, but data on the other urethral sections and infectability of afferent 
tissues (such as the bladder and prostate) suggest they are also permissive to 
infection. Whether or not this infectability leads to inflammation remains unde- 
termined. Experimental infection of rats and mice with C. muridarum does how- 
ever cause a persistent infection in the prostate leading to a mononuclear cell 
infiltrate and antibodies against prostate antigens in some strains (Mackern- 
Oberti et al. 2011a) suggesting that persistent infection could cause inflamma- 
tion and prostate autoimmunity. 


8.5.6 Chlamydial Infections of the Upper MRT 


Bacterial infection of the upper MRT tissues can increase immune cell infiltra- 
tion and inflammation and is associated with infertility (Cunningham and 
Beagley 2008). While the influence of chlamydial infection on male infertility is 
controversial (Sobinoff et al. 2015; Puerta Suarez et al. 2017), it is known that 
prolonged infections can cause occlusion, scarring, and may also be associated 
with immune infiltration and production of anti-sperm antibodies (Dimitrova 
et al. 2004; Cunningham and Beagley 2008). Unlike the female reproductive 
tract, parts of the upper MRT are relatively isolated from the systemic immune 
system (termed immune privileged). This is necessary because sperm production 
begins in adolescence, well after immune tolerance (Bluestone 2011) to self- 
tissues is established. Thus, to prevent the development of androgen-deficiency, 
sterility and autoimmunity in the testes, the testicular environment is under 
strict immune regulation. To prevent autoimmunity, antigen is sequestered 
behind the blood—testes and blood—epididymis barriers, and both immune acti- 
vation and presentation is impaired and suppressed (Hedger 1989; Meinhardt 
and Hedger 2011). However, acute and chronic bacterial infection of the upper 
MRT can compromise the immune suppression mediated by somatic cells such 
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as Sertoli cells in the testes (Redgrove and McLaughlin 2014), contributing to 
inflammation of the testes. Chronic infection may also compromise the integrity 
of the blood—testes and blood—epididymal barriers, allowing the invasion of 
antigen-presenting cells and nontolerant immune cells from the circulation. This 
could lead to the subsequent development of adaptive immune responses to self- 
antigens (autoimmunity). 


8.5.7 Chlamydial Epididymitis 


As the epididymes store spermatozoa in the final stages of maturation, infection 
of these ducts poses significant hazards. Besides the risk of infection compromis- 
ing the blood—epididymal barrier and immune privilege, the epididymes directly 
drain the testes and increase the risk of immune infiltration into the gonads, 
potentially exacerbating and accelerating infertility. Primary cultures derived 
from mouse prostate, seminal vesicle and epididymis/vas deferens secreted 
CXCLI, a pro-inflammatory mediator with strong neutrophil chemoattractant 
activity, following infection with Chlamydia (Mackern-Oberti et al. 2011b), sup- 
porting a role for the cellular hypothesis being a major contributor to inflamma- 
tory damage in the MRT. 


8.5.8 Chlamydial Orchitis 


Chlamydial infection of the testes potentially increases the risks of infertility 
from a compromised blood-testes barrier, damaged Sertoli cells, impaired sper- 
matogenesis, immune infiltration and autoimmunity (Reviewed in (Cunningham 
and Beagley 2008; Mackern-Oberti et al. 2013)). In mice, chronic infection of the 
testes causes apoptosis of Sertoli cells, disruption of seminiferous tubules, apop- 
tosis of spermatogonial cells, decreased sperm count and motility and depletion 
of spermatogonial stem cells (Sobinoff et al. 2015). Chlamydial infection also 
increases sperm DNA damage (Gallegos et al. 2008). This could be due to the 
production of Reactive Oxygen Species by Chlamydia-infected macrophages 
(Rajaram and Nelson 2015) in the testis, which are known to damage sperm 
DNA (Gavriliouk and Aitken 2015), although this remains to be proven. Leydig 
cells, Sertoli cells and testicular macrophages can all produce various isoforms of 
IL-1, with IL-1B being upregulated by lipopolysaccharide (LPS) exposure 
(reviewed in (Hedger and Hales 2006)). In mice, each of these cells types can be 
infected with Chlamydia (personal observation); thus, it is possible that IL-1- 
mediated tissue damage, as occurs in the fallopian tubes (Hvid et al. 2007), could 
occur in the testes. Finally, in vitro incubation of human sperm with chlamydial 
LPS has been shown to induce apoptosis of sperm (Galdiero et al. 1994; 
Hosseinzadeh et al. 2003) and incubation of C. trachomatis serovar E with sperm 
induces premature capacitation (Hosseinzadeh et al. 2000), demonstrating direct 
adverse effects on sperm in vitro, although this must be confirmed in vivo. 
Interestingly, C. pecorum has been isolated from the prostate, epididymis, and 
testis of the koala (Phascolarctos cinereus) (Johnston et al. 2015), and is associ- 
ated with impaired spermatogenesis in this iconic Australian marsupial. 
Immunization of mice reduced the chlamydial load in testes, associated with 
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generation of Chlamydia-specific Th cells and IgA (Cunningham et al. 2009, 
2010; Armitage et al. 2014), providing hope that a vaccine could protect against 
male infertility. Together, these studies demonstrate that Chlamydiae can infect 
the testes and induce inflammation (particularly in younger males), which may 
lead to chronic damage and infertility. 

Ascending infection is believed to occur by infection of adjacent epithelial cells 
following release of Chlamydiae, due to either lysis of, or extrusion (Hybiske and 
Stephens 2007) from the primary infected cells in the penile urethra. However, 
we lack data confirming this mechanism of infection, and in human males where 
the epididymis is 6-7 m long (Kim and Goldstein 2010) and transports sperm 
from the testes to the vas deferens, ascending infection of a nonmotile bacterium 
against the flow of sperm seems unlikely. Our preliminary studies in mice sug- 
gest that infection of the upper MRT may be due to hematogenous spread of 
infection in infected macrophages (Kollipara et al. 2016), but this has yet to be 
shown in humans. 


8.6 Diagnosis and Treatment 


Over the years, the methods for diagnosing chlamydial infections have moved 
away from culture-based assay and progressed to nucleic acid amplification tests 
(NAATs). Culture detection was considered the gold standard for many years, 
using highly specific MOMP-specific antibodies (Johnson et al. 2002). However, 
this method depends on the presence of viable Chlamydia, has a long turn- 
around time, and is difficult to standardize between laboratories. Therefore, it is 
rarely used today. Culture detection is still useful to monitor changes in virulence 
and antibiotic susceptibility (Meyer 2016). NAATs are now the standard method 
of chlamydial detection and recommended by the WHO (WHO); they are highly 
specific and sensitive, have a rapid turnaround time, and do not require viable 
Chlamydia (Johnson et al. 2002; Meyer 2016). 

To aid in the detection of chlamydial-associated infertility, several tests have 
been developed and investigated. A multi-antigen ELISA has been developed to 
detect women with C. trachomatis serology and tubal pathology and successfully 
correlated the two parameters in certain groups of women (Menon et al. 2016). 
Chlamydial heat-shock protein 60 antibodies have also been used to predict 
chlamydial-associated tubal factor infertility (Claman et al. 1997), as has basic 
positive chlamydial serology (Mehanna et al. 1995; Akande et al. 2003). While the 
sensitivity of these tests has not reached a level high enough for clinical imple- 
mentation, they do give hope that additional tests to determine infertility could 
be incorporated into the diagnosis of infertility and allow more rapid recommen- 
dations, regarding IVF, to be made to patients. 

The treatment for chlamydial infections is uncomplicated. Patients presenting 
with uncomplicated genital infections are prescribed either a single dose of 1g 
azithromycin orally or 100mg doxycycline, orally twice daily for seven days 
(WHO). The use of the single-dose azithromycin is preferred due to the reduced 
cost of one tablet and better patient compliance (Lau and Qureshi 2002). The 
effectiveness of Chlamydia treatment lies with the ability to effectively detect 
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and diagnose infections, and with most infections being asymptomatic, this 
means many people are unaware of their infectious status. Chlamydial infections 
are generally self-resolving; however, it can take up to 12 months for this to occur 
and significantly increases the chances of developing reproductive pathologies 
(Molano et al. 2005; Geisler et al. 2013). It is imperative that diagnostic tests are 
specific, have high sensitivity, and can be performed rapidly. 

Detection and treatment of genital tract chlamydial infections costs more than 
$US516 million per annum and do not include the costs associated with infertil- 
ity (Owusu-Edusei Jr. et al. 2013). With increased awareness of Chlamydia and 
its consequences there has been increased screening and therefore increased 
diagnosis. The increase in infection rates seen over the last decade can be par- 
tially attributed to this. 


8.7 Prevention and Control 


Several control programs have been released in various regions over the years in 
a bid to reduce the incidence of chlamydial infections. Screening primarily 
occurs in women due to the increased opportunities to screen during regular 
health checks (pap smears, intrauterine contraceptive placement). It has also pri- 
marily occurred in women due to the link between infection and reproductive 
pathologies and infertility. There is increasing evidence that suggests that there 
may be similar links between infection in males and infertility and other patholo- 
gies, suggesting that increased screening should occur in men (Gift et al. 2008). 
In the short-term, these programs have indicated a decrease in infections, but 
over time, infection rates have returned to increasing levels (Brunham et al. 2005; 
Rekart and Brunham 2008). Reoccurring screening studies, where participants 
were screened over a period of two years indicated no decrease in infection rates 
when compared to a single screening event population (van den Broek et al. 
2012; Low et al. 2016). There is little to no evidence supporting the cost-effec- 
tiveness of screening people younger than 25 years (the usual target group) (Low 
et al. 2009). It has also been proposed that early intervention and treatment of 
infections actually increases the risk of reinfection due to the lack of develop- 
ment of acquired immunity. This has been termed the arrested immunity hypoth- 
esis (Brunham and Rekart 2008). While it was hoped that increased education in 
those groups most at risk of infection would lead to a continued decline in infec- 
tions, it has become evident that other preventative measures such as the devel- 
opment of an efficacious vaccine would be best (Brunham and Rappuoli 2013). 

The first vaccine trial for chlamydia occurred over 50 years ago in an attempt 
to prevent trachoma; however there was no development of long-lived immunity 
and only one other trial has been initiated since (http://clinicaltrials.gov/ct2/ 
show/NCT02787109). Several trials have progressed to non-human primate 
models, but due to a lack of significant decrease in chlamydial burden, pathology 
development, or both, only one has progressed any further (reviewed in (de la 
Maza et al. 2017)). 

MOMP has been the major antigen investigated over the years, with varying 
success. It is most effective when in its native confirmation (Pal et al. 2001). 
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However, due to the variation in protein sequence between serovars, it has not 
proven to be cross-protective. 

Other antigens that have proven to provide protection against infection and 
the development of pathology and have cross-species and cross-serovar pro- 
tection include chlamydial protease-like activity factor (CPAF) (Murthy et al. 
2006), polymorphic membrane proteins (Pmps) (Pal et al. 2017). With the com- 
plete genome of Chlamydia now known (Stephens et al. 1998; Read et al. 2000), 
the ability to identify new antigens is possible. In 2016, the first phase I double- 
blind, parallel and placebo-controlled clinical trial started using the antigen 
CTH552 (MOMP component) and the adjuvants CAFO1 or alum hydroxide 
delivered via the intramuscular or intranasal routes (http://clinicaltrials.gov/ 
ct2/show/NCT02787109). This trial has yet to be completed, so the results 
regarding its efficacy are still unknown. 

The use of the correct adjuvant and route of delivery are just as important as 
the antigen in the development of an efficacious vaccine. With Chlamydia infect- 
ing the ocular, respiratory, and genital mucosa, it would be optimal that any vac- 
cine administered be able to target the common mucosal immune system and 
provide protection at all three sites. Our own studies have demonstrated that 
transcutaneous, oral, intranasal, and sublingual immunizations are protective 
against pathology and/or infection in both the lungs and reproductive tract 
(Berry et al. 2004; Skelding et al. 2006; Hickey et al. 2009; O’Meara et al. 2013, 
2014a, 2016). Others using the intranasal route, combined with IL-12 as the 
adjuvant and CPAF have shown similar protection in the genital tract, with high 
levels of antibodies within the lungs, suggesting a potential to provide protection 
at this site (Murthy et al. 2007). Vaccines candidates, Cholera toxin + MOMP and 
CpG + MOMP, delivered via the sublingual route, have also proven effective at 
providing protection at the genital site of infection, but other infection sites were 
not examined (Ralli-Jain et al. 2010; Carmichael et al. 2011). Intranasal immuni- 
zation with a nanoparticle-based adjuvant conjugated to UV-killed Chlamydia 
provided protection against intrauterine challenge through the recruitment of 
tissue-resident memory T cells, whereas subcutaneous immunization did not 
(Stary et al. 2015). Our studies have also demonstrated that immunized females 
(MOMP + Iscomatrix™) challenged with infectious ejaculate of immunized males 
(to mimic sexual transmission) developed no detectable genital infection or ovi- 
duct pathology. Any other combination of immunized males or females led to the 
female mice developing infection and/or oviduct pathology (O’Meara et al. 
2016), highlighting the importance of immunizing both sexes. The vast amount 
of research on the development of an effective vaccine has been reviewed exten- 
sively elsewhere (reviewed in (Igietseme et al. 2011; Vasilevsky et al. 2014; de la 
Maza et al. 2017)). 


8.8 Conclusion 


Chlamydial infection remains an important human pathogen despite the relative 
ease of antibiotic treatment and improved screening. Global estimates from the 
WHO and national governmental screening from countries including the United 
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States, United Kingdom, and Australia have shown an alarming yet consistent 
increase in chlamydial infection incidence over the last decade. Although scien- 
tific research has elucidated many of the drivers of pathogenesis (particularly in 
females), the exact and specific mechanisms of infertility during natural infec- 
tion remain elusive. Continued research into the development of a safe and effec- 
tive vaccine that can prevent initial infection, but more importantly also the 
deleterious outcomes of chronic inflammation and immunopathology, remains a 
sort-after goal of the scientific community. Several key questions that should 
drive future research Include: 


What is the role of screening in controlling chlamydial infections? 

Current research suggests that screening has reduced the incidence of PID but 
increased the incidence of reinfections. What is the best use of current screening 
methods? 


How important is gastrointestinal carriage of Chlamydia in human infection? 
Is the human gut a natural site of chlamydia colonization and a significant source 
of reinfection, as suggested by animal studies? 


How important is chronic chlamydial infection as a cause of male infertility? 
In vitro and animal model studies suggest that chronic infection can compromise 
male fertility by multiple mechanisms, but data are often contradictory and 
human data are missing. 


What would a successful vaccine need to deliver? 

Is sterilizing immunity essential, or would a vaccine that limits the duration and 
magnitude of infection and prevents inflammatory disease be effective at reduc- 
ing the impact of Chlamydia at a population level? 
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9.1 Introduction 


Granuloma inguinale / granuloma venereum / granuloma donovani / ulcerating 
granuloma of the pudenda. 

Donovanosis is a rare chronic, progressive bacterial illness that affects the 
genital area. It is transmitted by the Gram-negative coccobacilli Klebsiella 
granulomatis. 

Donovanosis was first described in 1882 by McLeod in India. The causative 
agent description and its classification in the protozoa group, however, were 
made by Donovan, in 1905. He described macrophages intracellular inclusions, 
termed Donovan bodies some years later (Velho et al. 2008). 

Aragão and Vianna, two Brazilians, introduced the first effective treatment for 
this disorder, the emetic tartar. These authors were also the first to classify the 
donovanosis causative agent as Calymmatobacterium granulomatis in 1912 
(Aragão and Vianna 1913). 

In 1950, the term donovanosis was proposed by Marmell and Santora in honor 
to Donovan (Marmell and Santora 1950). 

An important mark on donovanosis history was established by Carter et al. in 
1999, when he proved genetics similarities (genes 16SrRNA and phoE) between 
the donovanosis agent and the Klebsiella spp. and reclassified it as K. granulomatis 
(Carter et al. 1999). 


Diagnostics to Pathogenomics of Sexually Transmitted Infections, First Edition. 
Edited by Sunit K. Singh. 
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd. 


167 


168 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 
9.2 Epidemiology 


The prevalence of donovanosis has decreased globally. There are few reports in 
Papua New Guinea, South Africa, India, Brazil, and Australia. In recent times, 
there was a case report in France in a patient with no history of recent trip 
abroad. However, the incidence of this disease decreased significantly on the 
last decades, which was sufficient to classify it as a sporadic condition, although 
it has been a discussion about if the real prevalence of donovanosis is 
underestimated. The reasons that contributed with this hypothesis are the 
introduction of the diagnosis and syndromic treatment of genital ulcers and the 
increase of self-administered antibiotics worldwide (Morrone et al. 2003; 
O'Farrell and Moi 2016). 

The consensus is that the most cases occur in young adults (20—40 years old). 
However, there are reports in children and elderly individuals. It appears to have 
the same incidence between male and female genders. It is more common among 
African Americans and in individuals with lower socioeconomic status (Velho 
et al. 2008). 

Nowadays, the sexually transmitted nature of donovanosis is more consensual 
than in the past. There are some arguments in this favor: the occurrence of 
lesions predominant in genital areas (80-100% cases), especially located in male 
homosexuals, the fact that the condition is more common in sexually active 
group, and the concomitant impairment between patients with donovanosis and 
other sexually transmitted illnesses (O’Farrell 2002). 

On the other hand, some reports in children with no history of sexual abuse 
and some adults with lesions restricted to the arms, face, and neck with no 
evidence of genital impairment might put the sexual transmission of donovanosis 
in question. Goldberg attempted to solve this issue by isolating Donovan bodies 
from the feces of a patient with granuloma inguinale. He posted that the natural 
habitat of K. granulomatis might be the intestine, and traumatized skin could be 
compromised after the contact with agent-contaminated feces. Thus, the infection 
could be caused after a venereal or nonvenereal transmission (Goldberg 1962; 
O'Farrell 2002). 


9.3 Pathology 


Preferably, the biopsy should be done on the edge of the lesion, where the pathological 
features are more relevant. 

Histologically, the skin exhibits an epidermis with acanthosis and elongation of 
rete ridges, commonly with pseudoepitheliomatous hyperplasia. 

The dermis (Figure 9.1) exhibit a dense cellular reaction, predominantly with 
polymorphonuclear cells, plasma cells, lymphocytes, and histiocytes with 
cytoplasm with vacuolar or cystic appearance. The diagnosis of donovanosis 
could only be done by revealing Donovan bodies in the interior of macrophages 
(Figure 9.10) which cannot be seen by hematoxylin and eosin stains. These numer- 
ous inclusions into the histiocytes (Donovan bodies) (Figure 9.2) are clearly demon- 
strated with specific stains such as Giemsa, Leishman, Wright, and Wartin-Starry. 
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Figure 9.1 Granulomatous infiltrate compound by histiocytes and plasma cells (Hematoxilin & 
Eosin, 400x) (personal collection). (See color plate section for the color representation of this figure.) 


Figure 9.2 Donovan bodies (GIEMSA STAIN) (personal collection). (See color plate section for 
the color representation of this figure.) 


The mains pathological differential diagnosis are rhinoscleroma, histoplasmosis, 
leishmaniasis, and squamous cell carcinoma (Velho et al. 2008; Bezerra et al. 2011). 


9.4 Incubation Period 


The incubation period is approximately three weeks (Canizares et al. 1992); 
Sehgal, however, found the average incubation period to be 17-39 days (Sehgal 
2013). According to Caumes (Caumes et al. 2016), the incubation period varies 
from 3 to 40 days. 
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9.5 Clinical Pictures 


The disease begins as single or multiple subcutaneous nodules that erode through 
the skin, producing a very well-defined ulceration that grows slowly and bleeds 
readily on contact (Figure 9.3) (Jardim et al. 2006). In the early stages of granuloma 
inguinale there is little discomfort, but as the lesions extend, there may be itching, 
burning, and severe pain when walking. Systemic manifestations are minimal and 
relate to the extent of the disease and to secondary infection (Jardim et al. 2006). 

In most of cases of donovanosis, localization is restricted to cutaneous areas, 
mucosa of genitalia, and anal, perianal, and inguinal regions, where the lesion 
generally initiates as a small papule or painless nodule that ulcerates and grows 
at it develops. However, autoinoculation satellite lesions merge and join covering 
extensive areas (Jardim et al. 2006). 

The disease often spreads along the warm, moist folds and creases in intertrigi- 
nous areas. There is no inguinal adenopathy, but the early stage of a lesion located 
in the groins may simulate a bubo (pseudo-bubo). Chronic lesions may present a 
rolled border, which is never undermined. The lesion may be bathed in a fetid, 
often blood discharge, but as a rule, lesions remain rather clean and are covered 
by bright “beefy” shiny granulations (Canizares et al. 1992). 

There have been various attempts to classify the clinical aspects of donovano- 
sis. Lobo Jardim’s classification is presented in Table 9.1 (Jardim and Melo 1990; 
Jardim et al. 2006). O’Farrell and Moi (2016) in the European guideline for the 
management of donovanosis, described two more presentations as necrotic 
form — offensive-smelling ulcer-causing tissue destruction and sclerotic or cica- 
tricial form with fibrous or scar tissue. 

Atypical lesions may be found on the cervix, sometimes mimicking carcinoma, 
which might extend to the pelvis. Primary lesions are reported on the upper 
arms, chest, legs, mouth, jaw, and bones (particularly the tibia). Dissemination to 


Figure 9.3 Initial Lesion (personal collection). (See color plate section for the color 
representation of this figure.) 
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Table 9.1 Lobo Jardim’s clinical classification of Donovanosis (Jardim et al. 2006). 


Classification 


1-Genital and perigenital lesions 


1-1 Ulcerations 


1.1.1-1. With hypertrophic borders 
(Figure 9.4). 


1.1.1-2. With flat borders (Figure 9.5) 
1-2 Ulcerovegetating (Figure 9.6) 


1.3- Vegetating (Figure 9.7) 


1-4 Elephantiasis (Figure 9.8) 


2-Extragenital (Figure 9.9) 


3-Systemic 


Comments 


Characterized by variable degree of loss of 
tissue. The lesions are extensive and increase by 
auto-inoculation. 


The borders may be flat, at skin level, or 
elevated outline to the lesions hypertrophic 


Ulcerovegetating are the most common lesion. 
Ulcerations and tissue hypertrophy. 


Vegetating lesions are less commons. They are 
small, verrucous from their onset with little or 
no secretion. 


Elephantiasis occurs most in the female 
genitalia. It is ulcerative and associated with 
lymphatic stasis. 


Extragenital: lesions are rare(approximately 6%) 
and are caused by accidental or auto-inoculation. 


Systemic lesions caused by haematogenous 
dissemination are found in endemic areas. 
Involvement of the bones, liver, spleen, testicles, 
and cervix has been reported. 


Figure 9.4 Ulceration with hypertrophic borders (personal collection). (See color plate section 


for the color representation of this figure.) 
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Figure 9.5 Ulceration with flat borders (personal collection). (See color plate section for the 
color representation of this figure.) 


Figure 9.6 Ulcerovegetating (personal collection). (See color plate section for the color 
representation of this figure.) 


the abdominal cavity, bowel, spleen, liver, lung, uterus, and ovaries are all 
reported. Dissemination to bone-causing osteomyelitis may follow infection of 
the cervix. Donovanosis has a more aggressive course during pregnancy and 
should be suspected in women with atypical genital lesions attending antenatal 
clinics (O’Farrell 2001). 
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Figure 9.7 Vegetating (personal collection). (See color plate section for the color representation 
of this figure.) 


Figure 9.8 Elephantiasis (personal collection). (See color plate section for the color 
representation of this figure.) 


Untreated infections may either resolve spontaneously or persist and slowly spread 
(O'Farrell 2001). The course of untreated granuloma inguinale is chronic, with no 
tendency to spontaneous cure (Jardim et al. 2006). Primary lesions of mouth and 
cervix occur and the latter have often been mistaken for malignant lesions. 
Donovanosis can cause a wide range of less-known complications that are character- 
izes by delayed diagnosis. These complications are more likely to be found in rural 
endemic areas and reinforce the need for doctors and health professionals working 
in these areas to consider donovanosis in the differential diagnosis (O’Farrell 2001). 

Extragenital and septicemic forms are described with bone hepatic, pulmonary 
diffusion (Caumes et al. 2016). 

A further issue is coinfection with HIV. In Durban, 63% of men with genital 
ulcers were HIV positive. Although the recent WHO draft guideline for genital 
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Figure 9.9 Extragenital (personal 
collection). (See color plate section 
for the color representation of this 
figure.) 


Figure 9.10 Donovan bodies inside mononuclear cells (personal collection). (See color plate 
section for the color representation of this figure.) 


ulceration does not advise any difference in treatment between HIV-positive and 
HIV-negative subjects, some experienced observers advocate not using single- 
dose treatment where chancroid is a possibility. Longer courses of antibiotics 
may be required for chancroid if there is significant immune impairment 
(O’Farrell 2001). 


9.6 Sites of Involvement 


The genitalia are predominantly involved in donovanosis. The prepuce, coronal 
sulcus, shaft, glans and frenum, sulcus corona, and glans are the common sites of 
affliction in men, while in women the labia minora, fourchette, and labia major 
are affected. The perianal region also can also be affected, usually following 
homosexual contact (Jardim et al. 2006). The genitals are affected in 90% of cases 
and the inguinal region in 10%. Cervical lesions are rare but may mimic carci- 
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noma as may longstanding penile lesions. Extragenital lesions occur in 6% of 
cases. Lymph gland enlargement is uncommon. Disseminated donovanosis is 
rare, but secondary spread to the liver and bone may occur. Because donovanosis 
can cause genital ulcerations that bleed readily, there is a greater risk for associ- 
ated HIV infection, so HIV testing should be considered for all cases (O’Farrell 
and Moi 2016). 

Bedi has reported an unusual case of nonvenereal transmission of perianal 
granuloma inguinale in a child. The oral cavity can also be affected by this disease 
(Sehgal 2013). 


9.7 Complications and Sequelae 


Complications include hemorrhage, genital lymphedema (Figure 9.1), genital 
mutilation, and cicatrization, development of squamous carcinoma on long- 
standing scarred lesions, and, on rare occasions, hematogenous dissemination to 
bone and viscera (particularly during pregnancy). Rare cases of vertical transmission 
have been reported (O’Farrell 2001). In addition to carcinoma, other complica- 
tions include adhesions to the scrotum and penis, destruction of the penile shaft, 
and pseudo-elephantiasis. Stenosis of urethral, vaginal, or anal orifices is complica- 
tions of the sclerotic variety of donovanosis. Metastic lesions to the liver and spleen 
have also been reported (Sehgal 2013). Hematogenous dissemination showing 
osteolytic changes to the bone has been reported as well (Jardim et al. 2006). 


9.8 Diagnosis 


The main method of laboratory diagnosis is the demonstration of Donovan 
bodies in cellular material taken by scraping/impression smear/swab/crushing 
of pinched off tissue fragment on to glass slide or tissue sample collected by 
biopsy stained with Giemsa, Wright’s stain, or Leishman stain (O’Farrell 2001). 
Because smears of superficial tissue invariably give negative results, adequate 
deep tissue should be removed with a curette and the material crushed between 
two glasses slides. A punch biopsy may be used and spreads made with the 
undersurface of the removed tissue. Intradermal tests and complement fixa- 
tion tests are of little practical value (Jardim et al. 2006). Biopsies are been 
stained with silver stains for example Warthin-Stary or Giemsa (O'Farrell 
2001). The characteristic picture shows chronic inflammation with infiltration 
of plasma cells and polymorphonuclear leukocytes (O’Farrell and Moi 2016). 
Donovan bodies may reveal within large mononuclear cells, staining bright red 
with Giemsa and black brown with silver stain. The search for Donovan bodies 
requires patience, as at times many slides are examined before the organism is 
detected. It is usually found in a safety pin-shape on or within mononuclear 
histiocyte (Figure 9.1) (Jardim et al. 2006). Cultures have been successfully 
grown in only two laboratories in recent times and are not routinely available 
(Richens et al. 1999; Caumes et al. 2016). 
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Polymerase chain reaction (PCR) methods have been used, including a colorimetric 
detection method. However, no commercial PCR tests for donovanosis are cur- 
rently available. Serological tests have been developed but are not reliable. Recent 
studies have been done by means of the electron microscope on the structure of 
C. granulomatis. It has been found to have a capsular structure surrounding the 
bacterium. The outer layer of the bacterial cell wall was corrugated, and internal 
to this was a narrow cytoplasmic membrane (O'Farrell and Moi 2016). 

Dense, homogeneous peripherally located cytoplasmic inclusion 40 um in 
diameter suggestive of a bacteriophage were a regular feature (Sehgal 2013). 

Serological tests have been developed but are not reliable. If no diagnostic 
tools are immediately available, a dry swab should be taken and refrigerated 
while arrangements for PCR testing are made. 


9.9 Differential Diagnosis 


In early lesions, syphilis should always be excluded by dark field examination and 
serological tests. More advanced lesions may resemble the “esthiomene” form of 
lymphogranuloma venereum. It should be stressed that carcinoma of the groin 
simulates granuloma inguinale clinically and, in fact, may be superimposed on it. 
Donovanosis is often misdiagnosed as carcinoma of the penis and unfortunately 
has resulted in drastic surgical procedures (Jardim et al. 2006). Cutaneous amoe- 
biasis should be considered in endemic areas and in homosexual men. Genital 
schistosomiasis should be considered in endemic regions. Concurrent infections 
may be found in some individuals because of the chronic course of the disease. 
At times, patients are seen showing clinical evidence of two or three sexually 
transmitted diseases. For this reason, a careful physical examination and labora- 
tory studies as complete as possible are indicated in all cases (Jardim et al. 2006). 


9.10 Treatment 


Donovanosis is generally treated with antibiotics. However, long-standing and 
complicated disease requires surgical treatment (O’Farrell 2001). 

Antibiotic therapy forms the basis of treatment with various drugs. Nowadays, 
the first-line therapy is azythromycin 1g weekly or 500mg daily. Others drugs 
may be used, such as co-trimoxazole 160/800 mg twice daily (Grade B level IIb), 
trimethoprim (80 mg) and sulphamethoxazole (400 mg), or comparable sulphon- 
amide, two tablets by mouth twice daily for 14 days. 

Alternative regimens are chloramphenicol 500mg by mouth four times daily 
for three weeks or gentamicin 1 mgkg™ every eight hours can also be used as an 
adjunct if lesions are slow to respond (Grade C level II). Lobo Jardim found thia- 
mphenicol to be effective in studies conducted in Brazil (Martins 1996; Jardim 
et al. 2006; Velho et al. 2008; Bezerra et al. 2011) at an initial dose of 2.5g orally 
followed by 500 mg two times daily for two to three weeks. Other effective medi- 
cations are streptomycin (potentially ototoxic), lincomycin, erythromycin, and 
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sodium methacilin. Ampicillin is usually ineffective. It appears that the efficacy 
of the medication varies with geographic location (Jardim et al. 2006). Other 
choices include the following: 


e Doxycycline 100 mg twice daily (Grade C level IV). Trials have not been done, 
but older tetracyclines have been shown to be effective. 

e Ciprofloxacin, 750mg orally twice daily for at least 21 days and ofloxacin: 
200 mg x 2/day at least 21 days (Caumes et al. 2016). 

e Erythromycin 500mg, four times four times daily: Recommended in preg- 
nancy (Grade C level IV). However, azithromycin in now probably the drug of 
choice in pregnant women. 


There is no relationship between the size of the lesions and the response to 
treatment. In the rare cases that relapse after apparent clinical cure the treat- 
ment should be repeated preferably with another drug for a longer period. 
Secondary infection with fusospirochaetosis requires penicillin. Local treat- 
ment is of little value, except to control secondary infection. The patient 
should be kept under periodic observation for at least a year. In developing 
countries, the drug of choice for donovanosis is tetracycline because of its 
high efficacy, low cost, greater availability, and simplicity of administration 
(Jardim et al. 2006). 

Surgery is indicated for ineffective medical treatment and the development 
complications. However when surgical intervention is required as in resistant 
extensive and complicated cases an aggressive surgical approach with wide 
excision of all diseased tissue should be pursued. Fecal contamination of the 
surgical wound should be prevented by a diverting colostomy if necessary, and 
extensive loss of tissue should be managed with reconstructive procedures 
(Bozbora et al. 1998). 

Children with donovanosis should receive a short course of azithromycin 
20mgkg™ (C, IV). Children born to mothers with donovanosis should receive 
prophylaxis with a three-day course of azithromycin 20 mg kg once daily (Grade 
c level IV). Treatment should continue until complete healing is achieved. If the 
lesions have not been resolved in six weeks, biopsy should be performed to 
exclude carcinoma (O'Farrell in European Guide) for the management of 
donovanosis. 


9.11 Prevention and Control 


Modern treatment has notably improved the prognosis and shortened the period 
of contagiousness of donovanosis. With antibiotic the course of donovanosis has 
been reduced to a few weeks. Early treatment is and effective control measure. 
There is no known preventive method. There is a definite need for research in 
the control of donovanosis (Jardim et al. 2006). 

Information, explanation, and advice for the patient patients with donovanosis 
are often embarrassed or ashamed, and reassurance that they have a treatable 
condition is important, as is the need to take antibiotics until complete healing 
has been achieved. Tests for HIV and syphilis are recommended. 
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9.12 Disease Control and Prevention 


Eradication of donovanosis has been suggested as an HIV prevention measure 
in donovanosis endemic areas. The limited geographical distribution of the 
disease lends itself to a targeted control program. However, few concerted 
programs directed toward donovanosis have been undertaken other than in 
Papua New Guinea, and, more recently, in Australia. In the former, mass treat- 
ment of cases identified in house-to-house visits in Goilala was successful in 
controlling a localized epidemic in the 1950s. In Northern Australia, where 
there are about 300 prevalent cases a donovanosis eradication programme, 
supported by a dedicated donovanosis project coordinator, has been in place 
since 1998 with the goal of complete eradication by 2003. This campaign has 
identified the following components for success; a central coordinating body, 
local coordination by trained staff, educational programs for healthcare work- 
ers, a simple protocol, free drugs, good quality data, and ongoing research 
(O’Farrell 2001). 

Given the importance of genital ulcers in facilitating HIV transmission, the 
need for counseling and educating individual cases must not be ignored. Specific 
advice about improving genital hygiene by washing behind the foreskin should 
be provided and not be delayed until the results of formal hygiene intervention 
studies are available, as poor genital hygiene has long been recognized as a factor 
in increasing disease (Richens et al. 1999). 
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10.1 Introduction 


Gonorrhea is a sexually transmitted disease (STD) caused by the obligate human 
pathogen Neisseria gonorrhoeae or gonococcus. This Gram-negative bacteria is 
highly infective due to its virulence factors: pili, Por proteins, Opa proteins, Rmp 
proteins, lipooligosaccharides, and IgA protease. The most common form of 
presentation in men is acute anterior urethritis, while gonococcal infection in 
women does not have specific symptoms. More than 106 million new cases of 
gonorrhea are estimated to occur yearly worldwide. The highest incidence areas 
include Africa and the Western Pacific regions. Gonorrhea is primarily transmit- 
ted from an infected individual by direct human-to-human contact between the 
mucosal membranes of the urogenital tract, anal canal, and the oropharynx, usu- 
ally during sexual activities. Ever since sulphonamides were introduced to treat 
gonorrhea in the 1930s, gonococci have continuously shown an extraordinary 
ability to develop resistance to any antimicrobial introduced for treatment. 
Treatment is currently given empirically, without performing antimicrobial sus- 
ceptibility tests. However, the increasing issue of drug-resistant gonococci led 
the scientific community to focus research in new drugs and alternative treat- 
ments, having obtained encouraging results. The diagnosis of gonorrhea is 
established by identification of N. gonorrhoeae in genital, rectal, pharyngeal, or 
ocular secretions. N. gonorrhoeae can be detected by culture or nucleic acid 
amplification tests and, in some cases, Gram staining. Seeing as all attempts to 
develop a vaccine against gonococci have been unsuccessful, prevention, and 
control of the disease relies completely on early diagnosis, accurate treatment 
and public health education. 

This disease can be traced back to ancient Egyptian literature; the George 
Ebers papyrus describes a vulvovaginal inflammation that could be gonorrhea 
(Bingham 2014). It was not until 1879 when Albert Neisser described the 
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gonococcus as the pathogen responsible of the disease from exudate from 
patients with urethritis and neonatal (Neisser 1911). In 1884, the Danish bacteri- 
ologist Hans Gram identified it using Gram staining, and in 1885, Ernest Bum 
finally isolated it in an artificial medium. 

Currently, gonorrhea is a community disease with a high morbidity burden. In 
fact, more than 106 million new cases are estimated to occur yearly worldwide 
(World Health Organization (WHO) 2012a). Furthermore, incidence is rising 
due to the prevalence of multidrug-resistant strains of N. gonorrhoeae (Suay- 
Garcia and Perez-Gracia 2017). The increase is so alarming that N. gonorrhoeae 
was Classified as a “Priority 2” microorganism in the recently published WHO 
Global Priority List of Antibiotic-Resistant Bacteria to Guide Research, Discovery, 
and Development of New Antibiotics (World Health Organization (WHO) 2017). 
This document reported the existence of N. gonorrhoeae strains resistant to 
third-generation cephalosporins and fluoroquinolones and stressed the impor- 
tance of developing new antibiotics for oral formulations in order to treat the 
disease. 

Seeing as there currently is no gonococcal vaccine, prevention and control of 
gonorrhea rely on sexual education and contact notification, epidemiological 
surveillance, diagnosis and, especially, effective antibiotic treatment. In fact, 
finding new effective antibiotic treatments is a major concern because N. gonor- 
rhoeae has an extraordinary ability to develop resistance to all antimicrobials 
introduced for its treatment (World Health Organization (WHO) 2012a) has 
led to the Centers for Disease Control and Prevention (CDC) to classify it as a 
superbug, alerting the medical community about the prospect of untreatable 
gonorrhea in the near future (Centers for Disease Control and Prevention 
(CDC) 2012). 


10.2 Pathogen 


10.2.1 Morphology 


Neisseria gonorrhoeae is a Gram-negative coccus with a size oscillating between 
0.6 and 1pm in diameter, with 0.8 um its mean size. It presents itself in pairs 
(diplococci), the adjacent faces are flattened (similar to coffee grains). These 
microorganisms are visualized under optic microscope as extracellular and 
intracellular diplococci, inside neutrophils (Figure 10.1). 

This bacterium lacks a capsule; however, it produces a polyphosphate that 
could have a function similar to that of the capsule, seeing as it creates a hydro- 
philic surface with a negative charge. 

The structure of N. gonorrhoeae is the typical for Gram-negative bacteria, with 
a thin layer of peptidoglycan between the inner and outer cytoplasmic mem- 
branes. It has pili, Por proteins, Opa proteins, and Rmp proteins in the outer 
membrane as well as lipooligosaccharides (LOS). Moreover, three groups of pro- 
teins have been identified in the outer membrane, and they act as mediators in 
the acquisition of iron by binding to transferrin, lactoferrin, and hemoglobin. All 
of these structures can act as antigens and virulence factors. 
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Figure 10.1 Gram stain of Neisseria gonorrhoeae in urethral sample. (See color plate section for 
the color representation of this figure.) 


10.2.2 Virulence Factors 


10.2.2.1 Type IV Pili (Tfp) 
Clinical isolates of N. gonorrhoeae present pili or fimbria, which extend from the 
cytoplasmic membrane through the outer membrane. These pili are composed 
of repeated protein subunits (pilins), whose expression is controlled by the group 
of genes pilE (Swanson et al. 1971). Pili expression is associated with virulence, 
partly because these structures play a part in the adhesion to nonciliated epithe- 
lial cells, while providing a resistance mechanism to neutrophil phagocytosis. 
Gonococcal pili are classified as type IV, seeing as the polypeptide PilE is initially 
synthesized with a short (7 amino acids) leader N-terminal peptide that is later 
endo-proteolytically cleaved (Freitag et al. 1995). Pilin proteins have a preserved 
region in the amino-terminal end, which is very little immunogenic, and a very 
immunogenic hyper-variable region in the carboxi-terminal end. This region 
presents antigenic variations, allowing the classification of these bacteria in more 
than 50 serotypes and, therefore, avoiding recognition by immune cells of the 
human host (Hill and Davies 2009). It has been observed that a single strain is 
capable of presenting more than one type of fimbria and that these variations 
also occur in vivo, when the same strain is isolated from different locations within 
the patient. The absence of immunity after reinfection by N. gonorrhoeae is partly 
the result of the antigenic variation among pilins and, partly due to the variation 
in the expression phase of pilins. Both factors have truncated the attempts made 
to develop an effective vaccine using these structures (Boslego et al. 1991). 

Type IV pili, besides promoting binding to host cells, are also involved in bacterial 
spasmodic motility, biofilm formation, and DNA transformation (Heckels 1989). 


10.2.2.2 Por Proteins 

These proteins are porins that form pores or channels and are present in the 
outer membrane. They represent 60% of the total proteins. Two types of Por 
proteins have been identified (PorA and PorB), each with diverse antigenic 
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variations. The strains expressing PorA are resistant to the bactericidal action 
of serum and are consequently associated to the disseminated disease, more 
complicated. On the other hand, those expressing PorB are associated with 
uncomplicated mucosal infection (Cannon et al. 1983). The antigenic variation 
of Por proteins has been used in the serotype classification of N. gonorrhoeae. 
Porins allow the transport of ions and nutrients through the outer membrane 
and also contribute to the survival of bacteria in host cells (Judd 1989). Por pro- 
teins also modulate maturation of phagosomes, changing their protein composi- 
tion through an increase in early endocytic makers and a decrease of late endocytic 
markers, which results in a delay in phagosomal maturation (Mosleh et al. 1998). 


10.2.2.3 Opacity Proteins (Opa) 

Opa proteins are a family of integral proteins in the outer membrane, which 
cause the opaque aspect of colonies when seen under phase-contrast microscope 
due to intergonococcal aggregation (Swanson 1982). These proteins contribute 
to the binding with epithelial cells and enable the adherence of bacteria among 
themselves and with other eukaryotic cells. 

Unlike pili, the expression of Opa proteins is not required for the initial fixing 
of gonococci to the host. However, as infection progresses, expression of these 
proteins varies (Swanson et al. 1992) and bacteria expressing Opa can be observed 
in epithelial cells and neutrophils of infected voluntaries (Jerse et al. 1994). The 
invasive ability of N. gonorrhoeae is determined by the differential expression of 
Opa. Individual Opa proteins bind to a variety of receptors in human cells 
through their hyper-variable regions. The binding specificity for human recep- 
tors is divided in two groups: OpaHS, which recognize heparin sulphate pro- 
teoglycans; and OpaCEA, which recognize the family of carcino-embryonic 
antigen-like cellular adhesion molecules (CEACAMs), formed by several CD66 
molecules. CEACAMs are the main receptors for Opa proteins and are expressed 
in many different cell types including epithelial cells, neutrophils, lymphocytes, 
and endothelial cells (Sadarangani et al. 2011). 


10.2.2.4 Rmp Proteins 

Rmp proteins (reduction modifiable) constitute the third group of proteins 
present in the outer membrane of gonococci. These proteins are not modified 
with heat, do not suffer antigenic variations, and are common to all strains. They 
stimulate antibodies that block the serum bactericidal activity of N. gonorrhoeae 
(Li et al. 2014). 


10.2.2.5 Lipooligosaccharide (LOS) 

Another important antigen in the cell wall is the LOS. This antigen is formed by 
the lipid A and an oligosaccharide nucleus, similar to the lipopolysaccharide 
(LPS) of Gram-negative bacteria, but lacking the repetitive O antigens of LPS. It 
has endotoxin activity and is toxic for the mucosa in the fallopian tubes, causing 
detachment of ciliated cells. Moreover, gonococcal LOS can also be sialylated, 
making bacteria resistant to serum (Ram et al. 2017). Therefore, this structure 
contributes to gonococcal pathogenicity, enabling bacterial translocation 
through the mucosal barrier and providing resistance against human serum. 
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10.2.2.6 IgA Protease 

Immunoglobulin A protease (IgA) is another virulence factor of N. gonorrhoeae 
(Hill et al. 2016). This protease experiments several endo-proteolitic divisions 
when liberated, resulting in its maturation. During infection, the mature pro- 
tease is directed specifically towards IgA1, exactly toward the region situated 
within the hinge region rich in proline. IgA2 is not split by this protease, seeing 
as it lacks the proline-rich region. IgA protease is also capable of dividing the 
lysosomal-associated membrane protein 1 (LAMP-1) gene, which results in lyso- 
some modification and, therefore, bacterial survival (Ayala et al. 2002). 


10.2.3 Physiology 


Like all bacteria, N. gonorrhoeae reproduces asexually by binary division, origi- 
nating two daughter cells of approximately the same size from the mother cell. 
This division is not complete, seeing as the septum does not divide completely 
because they are arranged in pairs (diplococci). Gonococci are immobile, aero- 
bic, and nutritionally fastidious and grow best at a temperature range of 35-37 °C, 
in an atmosphere of 3-5% CO, and a pH of 7.2-7.6. Autolysis occurs when it is 
exposed to room air, desiccation, ultraviolet light, silver salts, phenol, and humid 
heat at 55°C. They differ from other species of Neisseria in their ability to trans- 
form glucose but not maltose, sucrose, lactose, fructose, and mannose. They are 
catalase and oxidase positive. 


10.2.4 Genome 


Gonococci have a circular genome, formed by a DNA molecule of 980 megadal- 
tons (MDa) and approximately 2154Mb. Neisseria gonorrhoeae can acquire 
genetic information through transformation and conjugation, more frequent in 
strains with pili. 

N. gonorrhoeae has several mobile genetic elements (MGEs). MGEs such as 
transposable elements control intra-chromosomal rearrangements, while plas- 
mids and the gonococcal genetic island are involved in inter-chromosomal 
gene transfer. Moreover, gonococcal MGEs act as hotspots for recombination 
and integration of other genetic elements such as bacteriophages, contribute to 
gene regulation or spread genes through gonococcal populations by horizontal 
gene transfer (Cehovin and Lewis 2017). 


10.3 Pathogenesis and Immunity 


Gonococcal infection is highly infective. The risk of a woman acquiring the 
disease after sexual contact with a man is of an estimated 50-70% and of a man 
from a woman 20-30%. 

Gonococci adhere to mucosal membranes, especially columnar squamous 
epithelium from urethra and cervix, and can infect the Bartholino glands, the 
conjunctive, and the rectum (Cornelissen 2011). Furthermore, they affect soft 
stratified epithelium in young women, while the vagina and vulva of adult women 
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is less susceptible. In the mucosa of the vaginal tract, eyes, rectum, and throat, 
they produce acute suppuration and tissue invasion, causing chronic inflamma- 
tion and fibrosis. 

Once adhered to mucosal membranes, they penetrate epithelial cells by 
endocytosis and multiply to later pass through the cells into the sub-epithelial 
space, where infection occurs. The presence of pili is important for the initial 
adherence. Cells without pili are not virulent. After initial adhesion, Opa pro- 
teins control a stronger union with the surface of host cells and the migration 
of bacteria within epithelial cells (Martin et al. 2016). At this point, Por pro- 
teins act to protect phagocytized bacteria from intracellular death by inhibiting 
phagolysosome fusion. The gonococcal LOS stimulates inflammatory response 
and liberation of tumor necrosis factor-a (TNF-a), responsible for most symp- 
toms associated to the gonococcal disease. 

The study of desquamated cells from the urethra of males with symptoms of 
early infection reveals that gonococci are present in the interior of cellular 
cytoplasm. Cells start to be destroyed four hours after infection and bacteria 
remain inside a matrix with cellular wastes that protect them from external 
aggressions. 

The rates of disseminated infection, 1-3% of the cases, could be higher among 
patients with asymptomatic local infection, partly due to the fact that the micro- 
organism has more time to penetrate the circulatory system. In men, this is the 
primary risk factor; in women there is also the presence of intrauterine devices 
and cellular changes in the endometrium during menstruation, which reduce 
local barriers and enable the access of bacteria to blood vessels (Edwards and 
Apicella 2004). It has been observed that people with hereditary alterations of 
the complement have a considerably higher risk of systemic disease (Davido 
et al. 2014). 

Gonococcal infection does not provoke a protective immune response or 
immune memory. Consequently, individuals can be repeatedly infected. 
However, specific antibodies are produced inside the genital tract, inhibiting the 
adherence to epithelial cells in the mucosa, albeit their short persistence. 
Generally, immune response to an uncomplicated genital infection is still modest 
(Hedges et al. 1999). The IgG is the main antibody produced as a response to 
gonococcal infection. Although the response of antibodies to Por is minimal, 
antibodies against pili, Opa proteins, and LOS are easily detected in serum. 
Antibodies against LOS can activate the complement, liberating the component 
C5a of the complement, which has a chemo-attractant effect on neutrophils. 
Nevertheless, antibodies IgG and IgA aimed against the Rmp protein can block 
the bactericidal response of antibodies. 


10.4 Epidemiology 


More than 106 million new cases of gonorrhea are estimated to occur yearly 
worldwide (World Health Organization (WHO) 2012a). The highest incidence 
areas include Africa and the Western Pacific regions. The burden is such that a 
review regarding infections during pregnancy in sub-Saharan Africa revealed the 
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prevalence of sexually transmitted and reproductive tract infections to be com- 
parable with that of malaria (Chico et al. 2012). However, gonorrhea is not a 
problem limited to developing countries. In fact, it is the second most frequently 
reported notifiable disease in the United States, with about 820000 new gonor- 
rhea infections occurring yearly (Centers for Disease Control and Prevention 
(CDC) 2016a). Similarly, the latest report of the European Center for Disease 
Prevention and Control (ECDC) showed a 25% increase in the number of 
reported cases between 2013 and 2014 (European Centre for Disease Prevention 
and Control (ECDC) 2016b). 

Gonorrhea is primarily transmitted from an infected individual by direct 
human-to-human contact between the mucosal membranes of the urogenital 
tract, anal canal, and the oropharynx, usually during sexual activities. These 
infections are most frequently identified in men who have sex with men (MSM), 
but can be encountered in both genders in many settings (sex workers, sex tour- 
ists, etc.) (Unemo et al. 2016). 

Ever since sulfonamides were introduced to treat gonorrhea in the 1930s, gono- 
cocci have continuously shown an extraordinary ability to develop resistance to 
any antimicrobial introduced for treatment (World Health Organization (WHO) 
2012a). Such is the case that the recent emergence of strains resistant to third- 
generation extended-spectrum cephalosporins (ESCs) (cefixime and ceftriaxone), 
combined with resistance to most available treatment options, has turned N. gon- 
orrhoeae infection into a great public health issue (Bolan et al. 2012). 

The first gonorrhea superbug, H041, was isolated in Japan in 2011 (Ohnishi 
et al. 2011). This strain exhibited extremely high resistance levels to all ESCs, 
including cefixime (MIC 8 mg L`’) and ceftriaxone (MIC 2—4mg L~’), as well as to 
most of the other available treatments. Since H041 was isolated, other multidrug- 
resistant strains have also been isolated in France, F89 strain (Unemo et al. 2011a), 
and Spain (Camara et al. 2012), proving that the rapid spread of drug-resistant 
strains is a major public health concern (Unemo and Nicholas 2012). Moreover, 
the fact that MDR strains have been isolated from commercial sex workers, 
homosexual men, sex tourists, truck drivers, and people undergoing forced migra- 
tion suggests that these strains have the potential to spread globally. 

The issue with resistant gonococci is such that the first case of failure to the 
standard dual antimicrobial treatment of gonorrhea was recently reported in the 
United Kingdom (Fifer et al. 2016). Antibiogram results showed that the strain 
was resistant to ceftriaxone, azithromycin, cefixime, cefoxatime, penicillin, tetra- 
cycline, and ciprofloxacin, only being susceptible to spectinomycin. 

The detection of these strains in Japan, Spain, France, and the United 
Kingdom proves that the treatment for gonococcal infection is being seriously 
threatened by the emergence of antimicrobial resistance. With this in mind, 
governments worldwide have created programs to collect data in order to study 
the evolution of this species in developing resistances and presenting itself at 
the community level (Ohnishi et al. 2011; Unemo et al. 2011a; Bolan et al. 2012; 
Camara et al. 2012; Unemo and Nicholas 2012; Fifer et al. 2016; Public Health 
England 2016; Unemo et al. 2016; Centers for Disease Control and Prevention 
(CDC) 2016a, 2016b; European Centre for Disease Prevention and Control 
(ECDC) 2016a, 2016b). 
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10.5 Clinical Features 


10.5.1 Gonococcal Infection in Men 


The most common form of presentation is acute anterior urethritis. The incuba- 
tion period is of two to six days. It is characterized by the appearance of abundant 
purulent urethral exudate and dysuria. Balanopostitis may appear in noncir- 
cumcised men. Without treatment, 95% of cases are resolved within eight weeks 
and symptoms disappear after six months, even though complications such as 
abscesses, fistulas, and urethral stenosis may occur. 

In 3-12% of men, urethral infection is present without symptoms, repre- 
senting an important group in the transmission of the microorganism (Hill 
et al. 2016). 


10.5.2 Gonococcal Infection in Women 


Infection in women presents two features responsible for the prolonged period 
between acquiring the disease and its treatment, which increases the possibility 
of complications and determines the important epidemiological role they play in 
transmitting the disease. These features are the absence of specific symptoms 
and a more difficult diagnosis than that for male urethritis. 

The columnar epithelium of the endocervix is the first site of urogenital infec- 
tion in women (endocervicitis). Unlike men, women do not have properly defined 
signs and symptoms of genital infection. The most frequent are leukorrhea, dys- 
uria, and pruritus, but 50% of the cases are asymptomatic. 

Ascending infection in a woman constitutes a serious complication, seeing 
as 10-20% female gonococcal infection develop acute salpingitis, tube-ovarian 
abscesses, and pelvic inflammatory disease (PID), and of these cases, 20% will 
present fertility problems. The term PID includes endometritis, salpingitis, and 
pelvic linfagitis or peritonitis, seeing as it is difficult to set them apart clinically 
and they can occur simultaneously. Different pathogens may be involved in the 
etiology of PID, such as Chlamydia trachomatis, Mycoplasma, and aerobic and 
anaerobic bacteria. 


10.5.3 Extragenital Locations 


Disseminated infections with septicemia or skin and joint infections are observed 
in 1-3% of infected women, and in a much lower percentage of infected men. 
Most disseminated infections in women are due to the numerous asymptomatic 
infections that remain untreated. Clinical manifestations of the disseminated 
disease are fever, migratory arthralgia, suppurative arthritis in wrists, knees, and 
ankles, and a pustular exanthema on an erythematous base in limbs but not in 
head or torso. 

The anorectal form is caused by direct inoculation; its frequency is linked to 
sexual practices. Clinic of this infection is variable. It may present itself in a silent 
form, unapparent but biologically active, which is the most common; in a 
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subacute way with essentially endoscopic expression; or in the most striking but 
exceptional way, as gonococcal proctitis. Up to 40% of women with genital infec- 
tion and homosexual men present gonococci in the rectum. 

Pharyngeal gonococcal infection is asymptomatic in 80% of the cases, presents 
mild symptoms in 15%, and in the remaining 5% presents febrile angina. This 
form, along with the rectal presentation, is defined as location more than infec- 
tion, seeing as both are generally asymptomatic. 

Newborns of infected mothers can acquire the infection in their eyes, which 
produces conjunctivitis (ophtalmia neonatorum), characterized by a bilateral 
purulent exudate that sometimes leaves severe consequences such as corneal 
opacification and blindness. 


10.6 Diagnosis 


The diagnosis of uncomplicated gonorrhea is established by identification of 
N. gonorrhoeae in genital, rectal, pharyngeal, or ocular secretions. N. gonor- 
rhoeae can be detected by culture or nucleic acid amplification tests (NAATs) 
and, in some cases, Gram stain. Culture detection of N. gonorrhoeae has long 
been available for the detection of rectal and oropharyngeal gonococcal infec- 
tion (Centers for Disease Control and Prevention 2015) but implementation of 
NAATSs for this pathogen has been reported to double its detection from rectal 
samples and increase its detection from pharyngeal samples fivefold (Cornelisse 
et al. 2017). A drawback of currently available commercial NAATs is their ina- 
bility to provide information on antimicrobial susceptibility. Cultures should be 
done in parallel with NAATs to allow for susceptibility testing. Samples from all 
cases of suspected gonococcal infection should be collected for microbiological 
culture and antimicrobial susceptibility testing, to the extent possible, consider- 
ing local availability of resources. No test offers 100% sensitivity and specificity 
(Table 10.1). Since laboratory diagnostic tests are not available in most coun- 
tries, diagnosis is often made clinically, based on the presence of symptoms such 
as vaginal and urethral discharge. 


10.6.1 Samples 


The sampling site in gonorrhea diagnosis depends on age, gender, sexual habits 
of the individual, and the features of the infection (Table 10.2). Samples must 
be taken using swabs, and sowing must be done immediately. Two different 
swabs must be taken, one for culture and another one for Gram staining (Aznar 
et al. 2007). 

Gonococci are very sensible to adverse conditions in the environment and, 
generally, the number of microorganisms in the samples is small. The highest 
positivity index is obtained when samples are inoculated directly in a culture 
medium that will be incubated at 35°C with 5% CO». In cases where the sample 
is not inoculated directly, a transport medium is used (Stuart-Amies, Transgrow, 
or Jembec) (Table 10.3). 
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Table 10.1 Sensibility and specificity of several tests for Neisseria gonorrhoeae according 


to sample type. 


Test used 


Gram stain 


BioStar OIA GC 
Test (Immunoassay) 


ACON Duo (duplex 
for Chlamydia 
trachomatis and 

N. gonorrhoeae) 
(Immunoassay) 


GeneXpert (duplex 
for C. trachomatis 
and N. gonorrhoeae) 
(NAAT) 


Aptima COMBO 2 
assay 


Aptima CT assay 


Aptima GC assay 
(Hologic/Gen- 
Probe Inc., San 
Diego, CA) 


Abbott RealTime 
CT/NG (Abbott 
Molecular Inc., Des 
Plaines, IL) 


BD ProbeTec Q*GC 
Amplified DNA 
assay (Becton 
Dickinson and 
Company, Sparks, 
MD) 


cobas CT/NG test 
(Roche Diagnostics, 
Indianapolis, IN) 


Sample type 


Endocervical swabs 
Symptomatic: urethral swabs 
Asymptomatic: urethral swabs 


Endocervical swabs; urine 


Endocervical swabs 


Endocervical swabs; vaginal swabs; 
female urine; male urine 


Multitest Swab (Clinician- 
Collected Vaginal Sample); 
Multitest Swab (Patient-Collected 
Vaginal Sample); endocervical 
swab; ThinPrep Liquid; male 
urethral swab; male urine 


Symptomatic: Multitest Swab 
(Clinician-Collected Vaginal 
sample); Multitest Swab (Patient- 
Collected Vaginal Sample); 
endocervical swab; female urine; 
male urethral swab; male urine 


Asymptomatic: Multitest Swab 
(Clinician-Collected Vaginal 
Sample); Multitest Swab (Patient- 
Collected Vaginal Sample); female 
urine; male urine 


Symptomatic: endocervical swabs; 
urethral male; female urine; male 
urine 


Asymptomatic: endocervical 
swabs; urethral male; female urine; 
male urine 


Endocervical swabs; Multitest 
swab (Clinician-collected Vaginal 
sample); Multitest swab (Patient- 
collected Vaginal sample); female 
urine; male urine 


Sensitivity 
(%) 

45-65 
85-98 
45-70 

60; 100 


12.5 


100; 100; 
95.6; 98.9 


98.5; 100; 
99.2; 92.3; 
99.1; 98.5 


96.3; 96.2; 
88; 93.8; 
99.5;98.7 


100;100; 
82.6; 100 


100; 98.9; 
94.7; 98 


92.9; 100; 
82.1; 92.3 


96.6; 100; 
96.7; 95.6; 
100 


Specificity 
(%) 

90-99 
95-99 
85-87 

89.9; 93—98 


99.8 


100; 99.9; 
99.9; 99.9 


99.6; 99.5; 
98.7; 99.8; 
97.8; 99.6 


99.7; 100; 
99.6; 99.8; 
99.5; 99; 99.2 


100; 100; 
99.5; 100 


99.4; 98.6; 
99.6; 98.7 


99.3; 100; 
99.5; 99.8 


99.9; 99.7; 
100; 99.7; 
99.3 
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Table 10.2 Clinical samples for the diagnosis of gonorrhea. 


Patient Sample of choice Secondary sample 


Women Endocervix Rectum‘, urethra, pharynx" 
Heterosexual men Urethra 
Homosexual men Urethra, rectum‘, pharynx 


Disseminated gonococcal infection 


Women Blood, endocervix, joint blood Pharynx‘, skin lesions”, rectum‘ 
Men Blood, urethra, joint liquid, Pharynx’, skin lesions” 
rectum‘ 


“If there has been orogenital contact; 
bie existing; 
“If there has been anogenital contact. 


10.6.2 Staining 


Bacteria can also be visualized on microscopy of stained genital tract smear to 
facilitate rapid diagnosis in symptomatic men with urethritis (Figure 10.1). In 
low-income settings, Gram stains may provide a less-expensive alternative to 
NAATs for symptomatic men. Microscopy (x1000) using Gram or methylene 
blue staining for identification of diplococci within polymorphonuclear leuko- 
cytes offers good sensitivity (295%) and specificity as a rapid diagnostic test in 
symptomatic men with urethral discharge (Taylor et al. 2011). However, results 
in endocervical samples of women present a sensibility of 45-65%, which could 
be an indication of the lower number of gonococci in them. Moreover, false posi- 
tives may appear, and the specificity (90-99%) will depend on the experience of 
the microscopist. Microscopy has poor sensitivity (<55%) in asymptomatic men 
and in identifying rectal infection (<40%) and cannot be recommended as a test 
of exclusion in these situations (Table 10.4). Microscopy is not recommended for 
identification of pharyngeal infection due to poor specificity as well as low sensi- 
tivity (Hughes et al. 2014). 


10.6.3 Culture 


For decades, cultures of N. gonorrhoeae have been considered the reference 
method for the diagnosis of both genital and extragenital gonorrhea. Cultures 
offer a specific and cheap diagnostic test that allows for rapid confirmatory iden- 
tification (Figure 10.2). It is the only diagnostic test that enables antimicrobial 
susceptibility testing, and the capacity to perform culture remains essential for 
detecting and monitoring evolving antimicrobial resistance. The antimicrobial 
resistance of gonococci is a serious problem worldwide, seeing as culture is the 
only method that allows for sensibility testing; it is essential to maintain and 
strengthen the capability of all countries to work with cultures. 

Selective culture media (agar modified Thayer-Martin (TMM), Martin-Lewis 
(ML), or New York City (NYC)) containing antimicrobials are recommended 
(Jephcott 1997). Nonselective media (agar chocolate) can be beneficial in 
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Table 10.3 Characteristics of Gram-negative, oxidase-positive Neisseria, and related species of human origin. 


Acid from 
Reduction Polysaccharide Tributyrin 

Species Glucose Maltose Lactose Sucrose Fructose Superoxol ofnitrate from sucrose hydrolysis ONPG GGT PIP 
Neisseria gonorrhoeae + - - - - + = = = E = v 
Neisseria meningitidis + + - - - + - a = = Vv Vv 
N. lactamica® + + + - z + - = = + = fe 
N. cinérea® - = = = = + = = a = 5 % 
N. polysaccharea* + + - - = + = = = =. = + 
N. subflava? + + = v v + = v - = a + 
N. sicca + + - + + + - + - = = $ 
N. mucosa + + - + + + + + - - - + 
N. flavescens - = 7 = = + a 4 — 2 2 m 
N. elongata - - - - - 5 = a = & = + 
Branhamella - - - - - + + - + - - Vv 
catarrhalis 

Kingella denitrificans + - - - - - + = = = = + 


Abbreviations: + = positive; — = negative; V = variable. ONPG = o-nitrophenyl-b-galactoside; GGT = y-glutamilaminopeptidase; PIP = proliliminopeptidase. 


“Certain strains grow on selective media for the isolation of N. gonorrhoeae. 
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addition to the selective media for urogenital and conjunctival samples if afford- 
able. Culture is appropriate for endocervical, urethral, rectal, pharyngeal, and 
conjunctival specimens but not for urine samples. The sensitivity of culture is 
high (85-95%) for urethral and endocervical samples providing that specimen 
collection, transport, storage, and isolation procedures are optimized. An appro- 
priate quality assurance is needed for the gonorrhea culture system, since com- 
mercial media and culture procedures vary in their selectivity and sensitivity. 

Culture (ideally supplemented with a NAAT for optimal diagnostic sensitivity) 
should be performed for antimicrobial sensitivity testing in patients with persist- 
ing infection or symptoms following treatment or if treatment failure is sus- 
pected (Unemo et al. 2011b; Whiley et al. 2012). Cultures should be incubated in 
a humid environment with 5% CO, at 35—37°C. The cultures must be examined 
every 24 hours for at least 72 hours. 

Surveillance of antimicrobial sensitivity is an essential part in controlling 
gonococcal infection, seeing as treatment generally consists of a single dose that 
cures 95% of the cases. In the last few years, a change in treatment has been sug- 
gested when more than 5% of the isolates become resistant to an antibiotic. In 
order to determine MICs, the method of the Clinical Laboratory Standards 
Institute (CLSI) is suggested; however, simpler methods such as the E-test are 
also valid. 


10.6.4 Identification 


The finding of Gram-negative, oxidase, and superoxol positive diplococci on 
selective media allows for the presumptive identification as gonococci (Table 10.3). 
Definitive identification is carried out by means of the sugar degradation test 
or serologic methods, such as indirect immunofluorescence and coaglutina- 
tion. There are three available methods for the epidemiologic identification of 
N. gonorrhoeae: auxotyping, serotyping, and genotyping methods: pulsed-field 
gel electrophoresis (PFGE), amplified fragment length polymorphism (AFLP), 
and sequencing. Beta-lactamase production must be studied in all strains to 
avoid treatment failure, and epidemiological surveillance of antibiotic resist- 
ance must be carried out. 


10.6.5 Neisseria gonorrhoeae Genotyping 


Understanding clonal relationships among N. gonorrhoeae-resistant isolates is an 
important strategy to controlling the spread and increase of resistance. There are 
two main DNA sequence-based typing methods performed in gonococcus with 
data stored on public websites. The N. gonorrhoeae multi-antigen sequence type 
(NG-MAST) is specific to this species and analysis of two variable loci, porB, and 
tbpB, which encode one of the two porins expressed by N. gonorrhoeae (PIB 
porin) and the B subunit of binding transferrin protein, respectively (NG-Mast 
n.d.). NG-MAST is a convenient tool for micro-epidemiological studies due to 
its discriminatory property (Ilina et al. 2010). The other method is multilocus 
sequence typing (MLST), available for the gender Neisseria. This approach is 
based on the analysis of seven housekeeping genes, and is appropriate to track 
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Table 10.4 Summary of commercially available FDA-approved gonorrhea NAAT platforms. 


Amplification 


NAAT technology Sample types Specimen transport and storage conditions Target 
Abbott RealTime Real-Time Asymptomatic women: clinician-collected 14 days at 2°-30°C 48 base pair sequence 
CT/NG (Abbott PCR vaginal swab, patient-collected vaginal swab in within the Opa gene of 
Molecular Inc., a clinical setting, and urine. Neisseria gonorrhoeae. 
Des Plaines, IL) Asymptomatic men: urine. 90 days at -10°C or lower 

Symptomatic women: endocervical swab, Thaw frozen specimens at 2°-30°C 

clinician-collected vaginal swab, patient- 

collected vaginal swab in a clinical setting, and 

urine. 

Symptomatic men: urethral swab and urine. Specimens must not undergo more than four 

freeze/ thaw cycles 
Aptima COMBO Transcription Asymptomatic women: endocervical swab, 24hours at 2-30 °C (urine specimen in primary Specific region within 
2 assay mediated clinician-collected vaginal swab, patient- cup) the 16S rRNA from 
Aptima CT assa amplification collected vaginal swab in a clinical setting, N. gonorrhoeae (Aptima 
p 7 (TMA) gynecologic specimens collected in PreservCyt COMBO 2 assay). 

solution and urine. 
Aptima GC assay Asymptomatic men: urethral swab and urine. 30 days at 2-30°C (urine specimen in Aptima Specific region with 
(Hologic/ urine transport tube) the 16S rRNA from 


Gen-Probe Inc., 
San Diego, CA) 


Symptomatic women: endocervical swab, 
clinician-collected vaginal swab, patient- 
collected vaginal swab in a clinical setting, 
gynecologic specimens collected in PreservCyt 
solution and urine. 


Symptomatic men: urethral swab and urine. 


60 days at 2~30°C (swab in Aptima swab 
transport tube) 


12 months at -20° to -70°C (urine specimen and 
swab specimens in respective Aptima transport 
tubes) 


N. gonorrhoeae that is 
distinct from the Aptima 
COMBO 2 assay target 
(Aptima GC assay). 


BD ProbeTec ET Strand Asymptomatic women: endocervical swab and 30 hours at 2°-30°C (urine specimen in primary Chromosomal pilin 
CT/GC Amplified displacement urine. cup) gene-inverting protein 
DNA ay amplification Asymptomatic men: urethral swab and urine. 7 days at 2°-8°C (urine specimen in primary cup) homologue. 
(Becton Dickinson (SDA) 
and Company, Symptomatic women: endocervical swab and 30 days at 2°-30°C (urine specimen in urine 
Sparks, MD) urine. processing tube) 
Symptomatic men: urethral swab and urine. 60 days at -20°C or lower (neat urine specimen 
or urine in urine processing tube) 
6 days at 2°-27°C (swab specimens) 
30 days at 2°-8°C (swab specimens) 
BD ProbeTec Strand Asymptomatic women: endocervical swab, 30 hours at 2°-30°C (urine specimen in primary Chromosomal pilin 
Q‘GC Amplified displacement patient-collected vaginal swab in a clinical cup). gene-inverting protein 
DNA assay amplification setting, gynecologic specimens collected in homologue. 
(Becton (SDA) BDSurePath or PreservCyt solution and urine. 


Dickinson and 
Company, Sparks, 
MD) 


Asymptomatic men: urethral swab and urine. 


Symptomatic women: endocervical swab, 
patient-collected vaginal swab in a clinical 
setting, gynecologic specimens collected in 
BDSurePath or PreservCyt solution and urine. 


Symptomatic men: urethral swab and urine. 


7 days at 2°-8°C (urine specimen in primary cup) 


30 days at 2°—30°C (urine specimen in urine 
processing tube) 


180 days at -20°C or lower (neat urine specimen 
or urine in urine processing tube) 


30 days at 2°—30°C (endocervical and urethral 
swab specimens) 


180 days at -20°C or lower (endocervical and 
urethral swab specimens) 


14 days at 2°-30°C (dry vaginal swab specimens) 


30 days at 2°-30°C (expressed vaginal swab 
specimens) 


180 days at -20°C or lower (dry or expressed 
vaginal swab specimens) 


(Continued) 


Table 10.4 (Continued) 


Amplification 


NAAT technology Sample types Specimen transport and storage conditions Target 
Xpert CT/NG Real-Time Asymptomatic women: endocervical swab, 24hours at room temperature (female urine Two distinct 
assay (Cepheid, PCR patient-collected vaginal swab in a clinical specimen in primary cup) chromosomal sequences 


Sunnyvale, CA) 


setting, and urine. 
Asymptomatic men: urine. 


Symptomatic women: endocervical swab, 
patient-collected vaginal swab in a clinical 
setting, and urine. 


Symptomatic men: urine. 


3 days at room temperature (male urine specimen 
in primary cup) 


8 days at 4°C (female and male urine specimen 
in primary cup) 

3 days at 15°—30°C (female urine specimen in 
Xpert CT/NG Urine Transport Reagent tube) 


45 days at 2-15°C (female urine specimen in 
Xpert CT/NG Urine Transport Reagent tube) 


45 days at 2-30°C (male urine specimen in Xpert 
CT/NG Urine Transport Reagent tube) 


45 days at 2-30°C (swab in Xpert CT/NG Swab 
Transport Reagent tube) 


each with a different 
reporter. Both sequences 
have to be detected to 
obtain a positive N. 
gonorrhoeae result. 


Cobas CT/NG Real-Time 
test (Roche PCR 
Diagnostics, 


Indianapolis, IN) 


Asymptomatic women: endocervical swab, 
patient-collected vaginal swab in a clinical 
setting, clinician-collected vaginal swab, 
gynecologic specimens collected in 
PreservCyt solution and urine. 


Asymptomatic men: urine. 


Symptomatic women: endocervical swab, 
patient-collected vaginal swab in a clinical 
setting, clinician-collected vaginal swab, 
gynecologic specimens collected in 
PreservCyt solution and urine. 


Symptomatic men: urine. 


<lyear at 2- 30°C (swab or urine specimen in 
cobas PCR media) 


24 hours at 2—30°C (Neat male urine specimen 
prior to addition to cobas PCR media) 


Cervical specimens collected in PreservCyt 
Solution may be stored at 2-30°C for up to 

12 months. Aliquots (21 ml) of cervical specimens 
collected in PreservCyt Solution may be stored in 
13 ml round-based Sarstedt tubes for up to 
4weeks at 2-30°C. 


NG primers NG514 
and NG519 to define 
a sequence of 
approximately 190 
nucleotides (DR-9A) 
from the direct repeat 
(DR-9) region. 

NG primers, NG552 and 
NG579, to define a 
second sequence of 
approximately 215 
nucleotides (DR-9B) 
from the DR-9 region. 


Gonorrhea 


Figure 10.2 Typical colonies of Neisseria gonorrhoeae in modified Thayer Martin culture 
medium. (See color plate section for the color representation of this figure.) 


the spread of international clones (Neisseria Sequence Typing Home Page, n.d.). 
Both typing tools have demonstrated that infections may occur in clusters, and 
resistant clones may spread across continents (Unemo and Dillon 2011). In addi- 
tion to those methods, whole genome sequencing has brought new epidemio- 
logic information in studies of transmission pathways (Vidovic et al. 2014). 


10.6.6 Nucleic Acid Amplification Tests (NAATs) 


Throughout the last two decades, nucleic acid amplification tests (NAATs) have 
been developed and introduced for the specific detection of DNA or rRNA of 
N. gonorrhoeae. These techniques are characterized by their promptness and are 
generally more sensible than cultures in diagnosing gonorrhea, especially in 
pharyngeal and rectal samples (Mimiaga et al. 2009; Bachmann et al. 2010). 
Table 10.4 shows the characteristics of the NAATs authorized by the Food and 
Drug Administration (FDA). NAATs offer testing on a wider range of sample 
types and are less demanding in sample quality, transportation, and storage (Van 
der Pol et al. 2001; Van Dyck et al. 2001; Moncada et al. 2004; Chernesky et al. 
2005; Schachter et al. 2005; Ison 2006; Whiley et al. 2008; Harryman et al. 2012). 
They show high sensitivity (>96%) in both symptomatic and asymptomatic infec- 
tion, equivalent sensitivity in urine and urethral swab specimens from men 
(Chernesky et al. 2005), and equivalent sensitivity in clinician-taken or self-taken 
vulvovaginal and endocervical swabs from women (Schachter et al. 2005). 
NAATs significantly outperform transported samples for culture and are the test 
of choice for testing individuals who are asymptomatic (Whiley et al. 2008). In 
women, urine samples offer a lower sensitivity than swabs from the genital tract 
and are not the optimal sample for testing (Van der Pol et al. 2001; Van Dyck et al. 
2001; Ison 2006). The performance characteristics of different commercially 
available or in-house gonococcal NAATs differ substantially, particularly in 
regard to specificity. 
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When using NAATs to detect N. gonorrhoeae, the positive predictive value 
(PPV) of the testing protocol used should exceed 90%. The main factors influ- 
encing the PPV are the prevalence of gonorrhea in the population tested and 
variation in the specificity of available NAATs, particularly at nongenital sites. If 
the used diagnostic NAAT does not display a PPV exceeding 90%, positive sam- 
ples are recommended to be subjected to confirmatory testing, i.e. repeated with 
a NAAT targeting another sequence (Smith et al. 2005; Hughes et al. 2014). 
NAATs are significantly more sensitive than culture for detecting pharyngeal 
and rectal infection (McNally et al. 2008; Schachter et al. 2008; Alexander 2009; 
Ota et al. 2009; Mimiaga et al. 2009; Bachmann et al. 2010) and are the test of 
choice for screening for rectal and pharyngeal gonococcal infection. However, 
commercially available NAATs are not licensed for testing samples from these 
sites, and they differ significantly in their specificity (Palmer et al. 2003; Tabrizi 
et al. 2011), particularly at the pharynx due to the frequent presence of other 
Neisseria species. It is recommended that strict local evaluation is performed 
before introducing a NAAT to test rectal and pharyngeal samples. When used 
after evaluation, confirmatory testing is recommended, i.e. repeated with a 
NAAT targeting another sequence (58, 66). 

Women may have genital tract infection localized to the endocervix or urethra. 
In the current era of NAAT testing, asymptomatic women are commonly offered 
screening for gonorrhea and chlamydial infection by a single vulvovaginal or 
endocervical test (Lavelle et al. 2006). This pragmatic approach is endorsed even 
though evidence is still lacking regarding its effectiveness in excluding gonor- 
rhea. The additional contribution of routinely testing rectal and pharyngeal sites 
when screening women for gonorrhea is poorly defined in Europe, although 
sampling these sites should be considered when there is a history of direct expo- 
sure (Cortina et al. 2016; Unemo et al. 2017). Evidence on the minimum incuba- 
tion period necessary before testing is lacking, although clinical experience 
suggests that positive NAAT results may be observed within one to two days of 
infection. 

A minority of MSM with gonorrhea (20-30%) have infection at multiple sites. 
Tests should be taken from the urethra/urine, rectum, and pharynx as directed 
by sexual practices. 


10.7 Treatment 


Neisseria gonorrhoeae is rapidly evolving, having developed resistance to all pre- 
vious and current antimicrobials. In fact, the increasing detection of gonococcal 
strains resistant to ESCs and azithromycin may lead to a situation where gonor- 
rhea becomes untreatable. 

Currently, treatment for gonococcal infection is given empirically at the first 
clinical visit, meaning that antimicrobial susceptibility is rarely performed prior 
to prescription. According to WHO guidelines (World Health Organization 
(WHO) 2012b), first-line antimicrobial therapy should be highly effective, widely 
available and affordable, lack toxicity, be a single dose, and — rapidly — cure at 
least >95% of infected patients. Bearing these premises in mind, different health 
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associations worldwide have established treatment guidelines (Table 10.5), 
mostly consisting of dual therapy with a single oral or intramuscular dose (Bignell 
et al. 2011, 2013; Public Health Agency of Canada 2013; Australasia Sexual 
Health Alliance 2014; variation in Neisseria gonorrhoeae: reassessing the old 
paradigms 2014; Centers for Disease Control and Prevention (CDC) 2015; World 
Health Organization (WHO) 2016). 

However, gonococci have been shown to have the ability to acquire different 
types of antimicrobial resistance (AMR), which include drug inactivation, modi- 
fication of drug targets, changing bacterial permeability, and increasing efflux 
properties (Unemo and Shafer 2011, 2014). Most resistance determinants are a 
consequence of chromosomal mutations, with only two known plasmid-borne 
genes having been described: blaTEM plasmid (Ashford et al. 1976), responsible 
for penicillin resistance, and tetM (Morse et al. 1986), which causes tetracycline 
resistance. The issue with resistance determinants is that, once acquired, they 
are stably carried within gonococci populations even after antibiotic treatment is 
withdrawn from treatment regimens (Unemo and Shafer 2014). Furthermore, 
antibiotic resistance not only decreases susceptibility to current treatment but 


Table 10.5 Treatment Guidelines of Different Health Associations Worldwide. 


Guidelines Geographical Area Treatment 

Australian STI Management Australia Ceftriaxone 500 mg 

Guidelines for Use in Primary IM + azithromycin 1g PO 

Care (Australasia Sexual Health 

Alliance 2014) 

Canadian Guidelines on Sexually Canada Ceftriaxone 250mg IM or 

Transmitted Infections (Public Health cefixime 800 mg 

Agency of Canada 2013) PO+azithromycin 1g PO 

European Guideline on the Diagnosis Europe Ceftriaxone 500 mg 

and Treatment of Gonorrhea in IM + azithromycin 2g PO 

Adults (Bignell et al. 2013) 

Sexually Transmitted Diseases USA Ceftriaxone 250mg 

Treatment Guidelines (Centers for IM + azithromycin 1g PO 

Disease Control and Prevention 

(CDC) 2015) 

UK National Guideline for the UK Ceftriaxone 500mg 

Management of Gonorrhea in Adults IM +azithromycin 1g PO 

(Bignell et al. 2011) 

New Zealand Guideline for the New Zealand Ceftriaxone 500 mg 

Management of Gonorrhea (The New IM + azithromycin 1g PO 

Zealand Sexual Health Society 2014) 

WHO Guidelines for the Treatment of International Dual therapy: ceftriaxone 

Neisseria gonorrhoeae (World Health 250 mg IM or cefixime 

Organization (WHO) 2016) 400 mg PO + azithromycin 
1g PO 


Single therapy: ceftriaxone 
250mg IM 
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also enhances bacterial fitness (Warner et al. 2007), further complicating treat- 
ment options. 

The increasing issue of drug-resistant bacteria has led the scientific commu- 
nity to focus research on new drugs and alternative treatments (Suay-Garcia and 
Perez-Gracia 2014). Along these lines, new antimicrobials have been devel- 
oped to treat gonorrhea. New broad-spectrum fluoroquinolones avarofloxacin 
(Biedenbach et al. 2012), delafloxacin, sitafloxacin (Hamasuna et al. 2015), and 
WQ-3810 (Kazamori et al. 2014) have displayed high activity against MDR gono- 
cocci in vitro, including ciprofloxacin-resistant strains. Other antimicrobials 
with proven in vitro activity include the novel macrolide modithromycin 
(Jacobsson et al. 2014), tetracycline derivatives tigecycline, and eravacycline (Nix 
and Matthias 2010), the lipoglycopeptide dalvabancin and 2-acyl carbapenems 
(Fujimoto et al. 2012). Novel antimicrobials designed to inhibit new targets have 
also been developed and tested in vitro. These include protein inhibitors (pleu- 
romutilin BC-3781), boron-containing inhibitors (AN3365) (Mendes et al. 2013), 
efflux pump inhibitors that increase susceptibility to antimicrobials (Lomovskaya 
and Watkins 2001), host innate defense components and toxic metabolites, non- 
cytotoxic nanomaterial (Li et al. 2013), host defense peptides (Bucki et al. 2010), 
LpxC inhibitors (Zhou and Barb 2008), species-specific Fabl inhibitors 
(MUT056399) (Escaich et al. 2011), and inhibitors of bacterial topoisomerases 
(VT12-008911 and AZD0914) with different targets to those of fluoroquinolo- 
nes (Jeverica et al. 2014). 

Ideally, future treatment of gonorrhea will consist on rapid characterization of 
clinical isolates (phenotypic AMR tests and genetic antimicrobial resistance pro- 
filing), followed by an individually tailored drug regime. 


10.8 Prevention and Control 


Preventing the transmission of gonorrhea is key to controlling the spread of the 
disease and, therefore, the increasing resistance rates. WHO established a global 
action plan (World Health Organization (WHO) 2012a) to control the spread 
and impact of antimicrobial resistant N. gonorrhoeae. Its key points at the com- 
munity level include the following: 


Improving sexual education and systematic monitoring 

Increasing awareness of appropriate use of antimicrobials 

Improving diagnosis and treatment of gonorrhea 

Improving early detection and follow-up of clinical treatment failures 
Establishing effective drug regulation and prescription policies 

Encouraging consistent and correct use of condoms for anyone having sex 
with new or casual sex partners 

e Conducting regular testing for sexually transmitted diseases 


Research-wise, the plan suggested: 


e Strengthening quality-assured antimicrobial susceptibility surveillance 
e Establishing regional networks of laboratories to perform quality-assured 
gonococcal culture antimicrobial susceptibility testing 
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e Conducting research to identify novel molecular methods to detect and moni- 
tor antibiotic resistance 
e Developing new treatments as well as a vaccine 


Regardless of the prevention measures previously described, developing an 
effective vaccine against N. gonorrhoeae would be a turning point in preventing 
gonorrhea and controlling the development of antibiotic resistant strains. 
Historically, the development of vaccines for STDs has always been a goal for the 
scientific community (Russel et al. 1999). However, most attempts have turned 
out to be unsuccessful due to the extensive antigenic variation of gonococci and 
their ability to suppress and manipulate the host immune response. Research 
suggests two proteins as possible vaccine components: pilus constituents and 
Por, the major outer membrane protein. The detection of anti-pili antibodies in 
vaginal secretion after infection suggested this protein as a candidate for vaccine 
development (Tramont et al. 1980). However, administration of this vaccine 
resulted in partial protection only against homologous strains. Moreover, it 
showed poor immunogenicity and an ineffective antibody response at the site of 
infection (Tramont and Boslego 1985; Boslego et al. 1991). 

Por proteins are an interesting vaccine candidate because they have been found 
to serve as adjuvants to B-cells and, more importantly, stimulate Por-specific 
circulating Th2-cells that migrate to mucosal surfaces (Massari et al. 2003). Por 
proteins are also capable of stimulating dendritic cells where activation depends 
on toll-like receptor 2 (Singleton et al. 2005). 

Interestingly, a mouse infection model (Jerse et al. 2014) showed that if Th1 
responses can be induced, infection will clear and immune memory will be 
established. This fact, along with the relatively stable composition of Por pro- 
teins, suggests that a vaccine containing Por proteins, Thl-inducing adjuvants 
and toll-like 2-inducing adjuvants could be crucial in achieving a successful com- 
bination. However promising these findings were, only four vaccines have ever 
progressed to clinical trials, and none provided protection against gonococcal 
infection (Edwards et al. 2016). 

The first step in the right direction appears to come from recently published 
research by Petousis-Harris and colleagues (2017). Their study concluded that 
the Neisseria meningitidis serogroup B vaccine MeNZB was associated with 
decreased rates of gonorrhea. In their retrospective case-control study of data 
from 15- to 30-year-old patients, individuals who had been vaccinated during 
the serogroup B meningococcal epidemic between 2004 and 2008 were signifi- 
cantly less likely to have gonorrhea. In fact, the estimated effectiveness of MeNZB 
against gonorrhea was 31%. This vaccine is no longer available; however, Bexero 
contains the same outer membrane vesicle antigen as MeZNB in addition to 
three recombinant proteins (NHBA, fHbp, and NadA) (Toneatto et al. 2017). 
This means that the administration of Bexero to adolescents could also result in 
a decline in gonorrhea as a result of cross-protection. 

These are encouraging results (Craig et al. 2015), seeing as mathematical models 
show that even a vaccine of moderate efficacy could have a substantial effect on the 
transmission and prevalence of gonorrhea. For this reason, further investigation of 
the antigens and mechanisms responsible for the MeNZB-mediated protection 
will provide crucial information in guiding future vaccine development. 
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10.9 Conclusion 


Gonorrhea can be prevented by practicing safer sex and, particularly, with the 
correct and systematic use of condoms. Proper information, education, and 
communication can encourage and allow for safer sexual practices, improve the 
ability of people to recognize symptoms of gonorrhea and other STI, and increase 
the probability of them seeking healthcare. 

There are no affordable, fast, and in-clinic diagnostic tests for gonorrhea. 
Many gonorrhea cases are asymptomatic, thus, are not diagnosed and remain 
untreated. In those cases that present symptoms, such as urethral or vaginal 
secretion, doctors generally assume it is gonorrhea and prescribe antibiotics, 
when in fact it could be another type of infection. The inappropriate use of 
antibiotics increases the appearance of resistances, for gonorrhea as well as for 
other bacterial diseases. 

Therefore, in order to control gonorrhea in the short term, instruments and 
systems that improve prevention, treatment, and early diagnosis — as well as 
follow-up and notification of new infections, antibiotic use, resistances, and 
therapeutic failures — are required. Development of a vaccine will be necessary 
to prevent gonorrhea in the long term. 
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11.1 Introduction 


Syphilis, first named in 1530 by Girolamo Fracastoro, is a well-known example 
of a sexually transmitted treponematosis, which, before the invention of peni- 
cillin treatment, infected as much as 10% of the entire population of the United 
States in the early twentieth century (Rothschild 2005). The syphilis-causing 
Treponema pallidum subspecies pallidum (TPA) is very similar to the other 
pathogenic treponemes including T. pallidum ssp. pertenue (TPE), T. pallidum 
ssp. endemicum (TEN), and Treponema carateum, which cause yaws, bejel, and 
pinta, respectively. Syphilis is characterized by multiple clinically manifest 
stages (primary, secondary, and tertiary) that alternate with periods of latency. 
It is also the most invasive treponematosis, and it occurs globally. The ability of 
TPA to evade the host’s immune system, disseminate via the bloodstream to 
organs and tissues, and persist in affected individuals for decades are key char- 
acteristics of syphilis pathogenesis. Endemic syphilis, also called bejel, mainly 
affects children 2-15 years old and is transmitted mainly by direct skin-to-skin 
contact or by contaminated utensils. Primary lesions are painless and occur 
within the oral and nasopharyngeal mucosa. In the late stage, the nasopharynx, 
skin, and bones are affected. While there is a historical consensus that only 
syphilis is sexually transmitted (reviewed by Giacani and Lukehart 2014), there 
is increasing evidence that TEN can also be transmitted through sexual contact 
(Turner and Hollander 1957, Grange et al. 2016, Mikalova et al. 2017a). 
Therefore, this chapter focuses on treponematoses caused by both TPA and 
TEN strains. 
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Syphilis still represents a serious global health problem, despite the existence 
of effective treatment, with a worldwide prevalence estimate of 36 million 
cases and 10.6 million new infections each year (World Health Organization 
2008). Equally alarming is the number of congenital syphilis cases, which is 
approaching one million (Schmid et al. 2007). In 2014, 24541 syphilis cases 
were reported in 29 European countries, giving an overall notification rate of 
5.1 per 100000 population (European Centre for Disease Prevention and 
Control 2016). In the United States, a total of 23872 primary and secondary 
cases were reported in 2015 and reached 7.5 cases per 100000 population, the 
highest rate reported since 1994 (Centers for Disease Control and Prevention 
2015a). The increasing number of syphilis cases in developed countries is pri- 
marily attributable to the increased cases among men, specifically, among men 
who have sex with men (referred as MSM). In 2015, 60% of primary and sec- 
ondary syphilis cases in the United States were diagnosed among MSM patients 
(Centers for Disease Control and Prevention 2015a). A similar re-emergence of 
syphilis among MSM was reported in China and Western Europe (Dougan 
et al. 2007; Tucker et al. 2011). 

Bejel is limited to rural areas with hot, dry climates. Cases have been reported 
from the Sahel region of Africa and Mauretania (Autier et al. 1989; Galoo and 
Schmoor 1998) and from Saudi Arabia (Csonka and Pace 1985). No recent global 
data on the prevalence of bejel are available, however, ongoing transmission in 
isolated populations has been recently reported (Abdolrasouli et al. 2013). 
Moreover, several bejel case reports from non-endemic, developed countries 
have also been reported (Fanella et al. 2012; Grange et al. 2016). 


11.2 Genetics of TPA and TEN Strains 


In general, noncultivable pathogenic treponemes lack pathogenicity islands, 
plasmids, and other mobile genetic elements and have a highly clonal popula- 
tion structure. TPA and TEN treponemes thus belong to monomorphic bacte- 
rial pathogens adapted to a specific set of hosts (Smajs et al. 2012). Adaptation 
to a single or limited number of hosts is usually accompanied by genome size 
reduction and a lost ability to replicate outside the host. TPA and TEN trep- 
onemes have one of the smallest bacterial genomes (1.14 Mbp). Genome 
sequence similarity between TPA and TEN strains is greater than 99.7% 
(Staudova et al. 2014). Therefore, even subtle genetic changes are thought to 
cause differences in disease symptoms and outcomes. When both TPA and 
TEN genomes were compared, no major genome rearrangements were found in 
the Bosnia A TEN strain (the only available whole genome sequence of TEN 
treponemes). Although the TEN Bosnia A genome clustered with yaws trep- 
onemes, it also contained several sequences thought to be unique to syphilis- 
causing strains (Staudova et al. 2014). The latter finding suggested a possible 
role of repeated horizontal gene transfer between TPA and TEN treponemes 
and was later supported by an additional recombinant locus found in the clinical 


Sexually Transmitted Treponematoses 


isolate 11q/j, a TEN isolate obtained from a swab of an indurated genital ulcera- 
tion (Grange et al. 2016; Mikalova et al. 2017a). 

As revealed by Nechvatal et al. (2014), TPA strains belong to two distinct 
genetic groups of TPA strains, either to Nichols-like or to SS14-like TPA strains 
(Figure 11.1). This multilocus analysis was later verified using whole genome 
sequencing studies that analyzed over 50 reference strains and TPA clinical iso- 
lates (Arora et al. 2016; Pinto et al. 2016). Compared to the TPA Nichols strain, 
the TPA SS14 strain contains 7 deletions, 6 insertions, and 405 single or multiple 
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Figure 11.1 Whole genome alignment of uncultivable pathogenic treponemes. The tree 
was constructed using MEGA7 software (Kumar et al. 2016). The Neighbor-Joining method, 
using the Tamura-Nei genetic distance model and 1000 bootstrap replicates, was used. The 
bar scale represents 0.0002 substitutions per site and the numbers above or below the 
branches show bootstrap support. Only 6 out of 24 completely sequenced TPA isolates 
(marked as PT_SIF) from a study by Pinto et al. (2016) are shown due to the considerable 
similarity among analyzed genomes (differing in less than 20 single nucleotide variant (SNVs)). 
TPA strains, TPE strains, and TEN strains are shown in red, green, and blue color, respectively. 
Note the clustering of TPA strains into either Nichols-like or SS14-like group of strains named 
according to sequence relatedness to reference strain TPA Nichols or TPA SS14. (See color plate 
section for the color representation of this figure.) 


213 


214 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


nucleotide substitutions (Pétrogova et al. 2013; Šmajs et al. 2017). In addition, 
while the Nichols strains have the tprD allele, the $S14 strains contains tprD2. 
The tprD2 and tprD alleles differ at 328 nucleotide positions. In general, genetic 
differences between Nichols-like or SS14-like TPA strains include tprC, D, G, J, 
and L, and genes coding for predicted outer membrane proteins, such as bamA 
(TP0326), TP0548, TP0865, and the gene for fibronectin-binding protein 
(TPO136). 


11.3 Virulence Factors of Syphilis and Bejel 


One of the most intriguing features of TPA and TEN bacteria is the ability of 
these bacteria to cause persistent and chronic human infections. This is partly 
due to the lack of surface-exposed antigens and partly due to the presence of a 
genetic system for antigenic variation. Compared to Escherichia coli, TPA con- 
tains almost 100-fold-fewer outer membrane proteins (Radolf et al. 1989) for the 
same outer membrane surface area, resulting in the lower antigenicity of TPA. 
However, a low number of outer membrane proteins also reduces transmem- 
brane transport of small molecules. This is likely the reason for the extremely 
long doubling time of TPA treponemes, which can reach over 30hours 
(Magnuson et al. 1948). 

Research on pathogenic treponemes has revealed at least two types of mole- 
cules present in the outer bacterial membrane including adhesins and Tpr pro- 
teins. While adhesins mediates attachment of TPA to eukaryotic cell structures 
and extracellular matrix components, Tpr proteins form large, nonselective 
channels allowing passive diffusion of nutrients to the periplasmic space. The 
well-known adhesins include TP0136 (Brinkman et al. 2008), TP0155 (Cameron 
et al. 2004), TP0483 (Cameron et al. 2004), fibronectin-binding proteins, TP0435, 
a cytoadhesin (Chan et al. 2016), and TP0751, a laminin-binding protein 
(Cameron 2003, Cameron et al. 2005). 

Tpr proteins are encoded by a family comprising 12 paralogous genes or pseu- 
dogenes classified into three subfamilies (subfamily I, tprC, D, E J; II, tprE, G, J; 
and III, tprA, B, H, K, L). There is compelling evidence that the C-terminal part 
of several Tpr proteins form «/f-barrel structures similar to the structure of E. 
coli outer membrane porins, while the N-termini are located in the periplasm 
(Anand et al. 2015). In agreement with their localization, most Tpr proteins are 
antigens that are recognized by the human immune system during infection 
(Leader et al. 2003). TprK protein is the most variable treponemal protein. It has 
many variants within the infecting treponemal population, and its variability has 
increased during the course of human infection (LaFond et al. 2003). The varia- 
bility of tprK is the result of a gene conversion mechanism (Centurion-Lara et al. 
2004) that copies sequences from other genome positions into the variable por- 
tions of the tprK gene. These genetic recombinations lead to the appearance of 
TprK protein variations, which are partly the basis of immune evasion during 
chronic infections (Palmer et al. 2009). 
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11.4 Diagnostics of Syphilis and Bejel 


Since TPA and TEN are uncultivable under in vitro conditions, the rabbit infec- 
tivity test (RIT), visualization of the spirochete under dark-field microscopy 
(DFM), and detection of treponemal DNA using polymerase chain reaction 
(PCR) are the only tools for direct detection of treponemes in clinical samples. 
While RIT is the gold standard and the oldest method for demonstrating TPA 
infection, with a detection limit as low as a single organism (Turner et al. 1969; 
Larsen et al. 1995), it has several limitations, including high cost, delayed 
test results, and unavailability in clinical laboratory settings. Moreover, a recent 
re-evaluation of RIT sensitivity, in a study by Tong et al. (2017), concluded that 
RIT is no longer a highly sensitive method for detecting TPA, mainly due to the 
increased exposure of patients to antibiotics. 

Microscopic identification of treponemes in clinical samples using DFM allows 
an immediate diagnosis of syphilis (Larsen et al. 1995). However, DFM has low sen- 
sitivity (requiring about 10° organisms/ml of sample) and cannot be used for oral 
chancers where the risk of false positive results is increased due to the presence of 
saprophytic spirochetes in the oral cavity (Larsen et al. 1995; Grange et al. 2012). 

Amplification of TPA- and TEN-specific genes using PCR represents a promising 
diagnostic tool; however, there is no internationally approved PCR test for TPA. 
Despite this fact, some laboratories provide locally validated PCR tests for the 
detection of TPA DNA (Centers for Disease Control and Prevention 2015b). Since 
2008, PCR for direct demonstration of TPA has been approved in European guide- 
lines on the management of syphilis (Janier et al. 2014). As of 2014, the US Centers 
for Disease Control and Prevention has considered TPA PCR a valid diagnostic 
method for primary and secondary syphilis cases (CDC 2015b). Specificity and sen- 
sitivity of PCR is mainly dependent on (1) the specimen type, (2) the syphilis stage 
(Bruisten 2012; Gayet-Ageron et al. 2013), (3) PCR gene target, (4) PCR assay, and 
(5) sample collection and pre-PCR handling procedures (Cruz et al. 2010). 

Several types of clinical material have been tested for the presence of trepone- 
mal DNA including swabs from primary and secondary lesions, whole blood, 
blood plasma and serum, peripheral blood mononuclear cells, lymph node biopsy/ 
aspirate, cerebrospinal fluid, skin biopsy, amniotic fluid, placental tissue, vitreous 
fluid, and urine, all of which have produced variable PCR results (Flasarova et al. 
2006; Gayet-Ageron et al. 2009, 2013; Peng et al. 2011). The highest sensitivity of 
PCR detection of TPA was found in primary genital and anal chancres, as shown 
in a recent meta-analysis (Gayet-Ageron et al. 2013). In general, clinically appar- 
ent lesions provide higher sensitivities compared to blood or cerebrospinal fluid 
(CSF) samples. The lower success rates for PCR, when using other clinical sample 
types than primary or secondary lesions, has been found to be associated with 
lower treponemal loads (Castro et al. 2007; Tipple et al. 2011a). The specificity of 
PCR is generally high and ranges from 83.3—95.7% in blood samples to 96% for 
ulcers and skin lesions (Gayet-Ageron et al. 2013). 

Several different gene targets have been tested in TPA PCR with variable sen- 
sitivities and specificities (for review see Bruisten 2012). The most widely used 
gene targets in T. pallidum diagnostics are tpp47 and polA genes (Gayet-Ageron 
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et al. 2013, 2015a) with similar diagnostic accuracy for PCR targeting the tpp47 
and polA genes (Gayet-Ageron et al. 2015b). 

Real-time PCR (Koek et al. 2006; Gayet-Ageron et al. 2009; Heymans et al. 
2010) and multiplex PCR (Orle et al. 1996; Scott et al. 2010; Glatz et al. 2014; 
Kriesel et al. 2016) have been used as well; the first provides rapid and quan- 
titative results with decreased risk of contamination and the latter has the 
ability to detect other major causes of genital ulcers (e.g. herpes simplex 
virus, T. pallidum and Haemophilus ducreyi) simultaneously in one PCR 
reaction. 

Although detection of TPA by PCR suffers from the aforementioned limita- 
tions, the utility of this method for early syphilis diagnosis was recently shown by 
Shields et al. (2012). They showed that PCR is able to provide positive results in 
samples with an undetectable serologic response. 

Indirect diagnostic methods are represented mainly by serological tests. 
The latest trends in serologic diagnosis of syphilis infections were recently 
reviewed by Morshed and Singh (2015). Briefly, syphilis serological tests 
can be divided into two groups according to the antigen used in the nontre- 
ponemal and treponemal tests. Nontreponemal serological tests detect anti- 
bodies reacting with lipoidal material (cardiolipin) released from damaged 
host cells. Widely used nontreponemal tests include the Venereal Disease 
Research Laboratory (VDRL) and Rapid Plasma Reagin (RPR) tests. 
Production of anti-lipoidal antibodies, in response to tissue damage, may 
occur in response to other, nontreponemal diseases, thus a risk of false posi- 
tive results exists (Larsen et al. 1995; Nandwani and Evans 1995). On the 
other hand, these are the only tests recommended for monitoring the course 
of syphilis disease during and after treatment. Treponemal tests detecting 
specific anti-treponemal antibodies include the Fluorescent Treponemal 
Antibody Absorption test (FTA-Abs), ELISA, Western blots, and hemagglu- 
tination tests (e.g. T. pallidum Hemagglutination Assay (TPHA), and T. pal- 
lidum Particle Agglutination Assay (TPPA)). However, treponemal tests may 
remain reactive for years with or without treatment; thus, they cannot neces- 
sarily be indicative of an active syphilis infection and should not be used to 
evaluate response to therapy, relapse, or reinfection in previously treated 
patients. 

Two commonly used syphilis serologic testing algorithms are currently avail- 
able: the traditional algorithm and a reverse-sequence algorithm. The traditional 
algorithm includes a combination of a nontreponemal test for screening, fol- 
lowed by a treponemal test for confirmation of treponemal infection. However, 
the availability of automated or semi-automated assays, for detecting treponemal 
antibodies, has lead several countries switch to using a reverse algorithm, which 
uses the treponemal test first, followed by a quantitative non-treponemal test 
(Morshed and Singh 2015). 

Regardless of serologic algorithm, syphilis diagnostics is based on combination 
of different methods and considerations including anamnestic data, observed 
clinical manifestations, previous medical history, use of microscopy, and sero- 
logical and PCR testing. 
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11.5 Treatment of Syphilis and Bejel 


The first antibiotic used to treat syphilis was penicillin, which was introduced by 
John Mahoney in 1943 and still remains the drug of choice in the treatment of 
syphilis and bejel (Mahoney et al. 1943). Penicillin G, administered parenterally, 
is currently recommended for treatment of all syphilis and bejel stages. The 
treatment length and penicillin dosage depend mainly on disease stage and clini- 
cal manifestations. Another important aspect of treatment is the form of penicil- 
lin, since TPA can persist in sequestered sites like the CSF and aqueous humor 
(Workowski et al. 2010). Surprisingly, no apparent resistance of TPA or TEN to 
penicillin has been observed since its first use. 

Alternative antibiotic therapies for syphilis, especially for penicillin-allergic 
persons, are tetracyclines (tetracycline and doxycycline) and macrolides (eryth- 
romycin and azithromycin). With an efficacy equal to penicillin, safe, and easy 
application in a single dose, azithromycin appeared ideal for treatment of syphi- 
lis and other infections (e.g. chlamydial infections and respiratory tract infec- 
tions). However, several macrolide treatment failures (azithromycin, 
erythromycin, clarithromycin) due to an A >G mutation at the position corre- 
sponding to position 2058 in the E. coli 23S rRNA gene have been reported 
(Stapleton et al. 1985; Stamm et al. 1988; Duncan 1989; Sands and Markus 1995; 
Stamm and Bergen 2000; Lukehart et al. 2004; Klausner et al. 2006; Mitchell et al. 
2006; Woznicova et al. 2010; Zhou et al. 2010). Later, a second mutation, A2059G, 
in the 23S rRNA gene was detected after spiramycin treatment failure (Matějková 
et al. 2009) and this mutation has also been associated with resistance to eryth- 
romycin and azithromycin (Ho and Lukehart 2011). Both these mutations alter 
the peptidyl transferase region in domain V of 23S rRNA (Vester and Douthwaite 
2001). Due to the lack of genetic elements in TPA and TEN (e.g. plasmids, trans- 
posons or phages), macrolide resistance emerges due to a spontaneous chromo- 
somal mutation in the 23S rRNA gene. Analysis of two rrn operons present in 
TPA and TEN reference strains revealed identical sequences of 5S, 16S, and 23S 
rRNA genes (Čejková et al. 2013). In all TPA clinical isolates analyzed so far, the 
A2058G or A2059G mutation was always found to be present in both copies of 
the 23S rRNA gene (Flasarova et al. 2012; Grimes et al. 2012; Chen et al. 2013a; 
Grillova et al. 2014; Smajs et al. 2015) suggesting not only an efficient mechanism 
for copying between the two operons but also a general need for this genomic 
constitution (Smajs et al. 2015). Moreover, both mutations are never found com- 
bined. There is no evidence yet whether the A2058G or A2059G mutations are 
also present in TEN clinical isolates. 

Detection of macrolide resistance in TPA clinical isolates follows amplification 
of both copies of 23S rRNA genes with specific primers using nested PCR. PCR 
amplicons are then analyzed with Mboll and Bsal endonucleases that recognize 
the A2058G (Lukehart et al. 2004) and A2059G mutations (Matéjkova et al. 
2009), respectively. Alternatively, Sanger sequencing of PCR amplicons and 
sequence analysis at positions corresponding to 2058 and 2059 of 23S rRNA can 
be performed. Recently, Pandori et al. (2007) introduced real-time PCR analysis 
of A2058G with subsequent melting curve analysis and Chen et al. (2013b) 
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provided TaqMan-based real-time triplex PCR assay detecting A2058G or 
A2059G mutations simultaneously in one reaction. 

The presence of macrolide resistance-causing mutations, A2058G or 
A2059G, was screened in many clinical isolates (more than 3000) and in a 
number of studies from different geographical areas including Argentina 
(Gallo Vaulet et al. 2017), Australia (Read et al. 2014), Austria (Arora et al. 
2016), Belgium (Mikalova et al. 2017b), Canada (Martin et al. 2010), China 
(Xiao et al. 2016), Cuba (Noda et al. 2016), Czech Republic (Grillova et al. 
2014), Great Britain (Tipple et al. 2011b), Ireland (Muldoon et al. 2012), 
Madagascar (Grimes et al. 2012), Netherlands (Arora et al. 2016), Peru (Flores 
et al. 2016), Portugal (Pinto et al. 2016), Russia (Khairullin et al. 2016), South 
Africa (Müller et al. 2012), Switzerland (Arora et al. 2016), Taiwan (Wu et al. 
2014), and the United States (Chen et al. 2013b). The aforementioned studies 
provide the most recent data about the prevalence of macrolide resistant 
TPA isolates from different geographical regions and their results are shown 
in Figure 11.2. 

Prevalence of macrolide-resistant TPA strains showed geographical differ- 
ences (Figure 11.2) (Šmajs et al. 2015) with a relatively low number of resist- 
ant strains in relatively remote areas (e.g. Canada, South Africa, Peru, 
Argentina, and Russia) and on islands (Taiwan, Madagascar), while a higher 
prevalence was detected in regions with increased levels of tourism and 
business travel (e.g. large cities - Shanghai, Sydney, London, San Francisco, 
etc.) and in countries with high rates of antibiotic use. Several studies have 
reported that the prevalence of macrolide resistance-causing mutations in 
TPA are higher among patients who had taken macrolide antibiotics before 
syphilis treatment and during syphilis treatment compared to those who had 
not (Marra et al. 2006; Grimes et al. 2012; Chen et al. 2013a). Moreover, in 
vivo experiments in rabbits brought evidence that contemporary strains har- 
boring the A2058G or A2059G mutation had a macrolide resistant pheno- 
type (Molini et al. 2016). 

Although the A2059G mutation was described nine years after detection of the 
A2058G mutation, it seems to be less prevalent compared to A2058G. Prevalence 
of the A2059G mutation falls within a range of 0-39.3% (Tipple et al. 2011b; 
Flasarova et al. 2012; Grimes et al. 2012; Miiller et al. 2012; Chen et al. 2013a; Li 
et al. 2013; Grillova et al. 2014; Wu et al. 2014; Arora et al. 2016; Flores et al. 2016; 
Khairullin et al. 2016; Noda et al. 2016; Pinto et al. 2016; Xiao et al. 2016; Gallo 
Vaulet et al. 2017; Mikalova et al. 2017b). 

Since TPA chromosomal mutations associated with azithromycin and other 
macrolide resistance were reported in multiple geographical areas, azithromycin 
should not be used as the first-line treatment for syphilis. According to the CDC, 
azithromycin should not be used in high-risk populations like MSM, persons 
with HIV, or pregnant women. Pregnant women who are allergic to penicillin 
should be desensitized and treated with penicillin. Therefore, careful clinical and 
serologic follow-up of persons receiving any alternative therapies is essential 
(Workowski et al. 2010). 
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Figure 11.2 The worldwide prevalence of macrolide resistant TPA strains. Higher intensity of color means a higher prevalence of 
macrolide resistant strains. Only the most recent data from geographic regions with multiple prevalence studies are shown. For 


countries shown in gray, data about the prevalence of macrolide resistant strains are not known. (See color plate section for the color 
representation of this figure.) 
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11.6 Molecular Typing of Syphilis and Bejel 
Treponemes 


Molecular characterization of genetic diversity of contemporary circulating TPA 
strains is based on results obtained from two typing schemes that are being cur- 
rently used, which are the Centers for Disease Control and Prevention typing 
(CDC typing) (Pillay et al. 1998) and sequencing-based typing (Flasarova et al. 
2006, 2012). CDC typing determines the number of 60 bp tandem repeats within 
the arp gene in combination with restriction fragment length polymorphism 
analysis of three tpr genes (i.e. tprE, tprG, and tpr/) (Pillay et al. 1998). The CDC 
typing system was enhanced recently by the sequence analysis of a short gene 
fragment of the TP0548 gene (83 nt) (Marra et al. 2010), and by detection of the 
number of poly G repetitions within the rpsA gene (Katz et al. 2010). Sequencing- 
based typing (Flasarova et al. 2006, 2012), as an alternative approach for TPA typ- 
ing, is based on sequencing of two highly variable genes, TP0136 and TP0548, and 
restriction analysis/sequencing of the 23S rRNA loci where mutations at positions 
2058 or 2059 can cause macrolide resistance (Stamm and Bergen 2000; Matéjkova 
et al. 2009). So far, no typing scheme is available for bejel-causing strains. 

The CDC and enhanced CDC typing have been applied to more than 2900 
clinical isolates from various geographic regions including Canada (Martin et al. 
2010), the United States (Pillay et al. 1998; Sutton et al. 2001; Pope et al. 2005; 
Katz et al. 2010; Marra et al. 2010; A2058G Prevalence Workgroup 2012; Grimes 
et al. 2012; Oliver et al. 2016), Cuba (Noda et al. 2016), Colombia (Cruz et al. 
2010), Peru (Flores et al. 2016), Argentina (Gallo Vaulet et al. 2017), Portugal 
(Florindo et al. 2008), United Kingdom (Cole et al. 2009; Tipple et al. 2011b), 
Ireland (Marra et al. 2010), France (Grange et al. 2013), Czech Republic (Flasarova 
et al. 2012), Denmark (Salado-Rasmussen et al. 2016), Belgium (Mikalova et al. 
2017b), Russia (Khairullin et al. 2016), China (Martin et al. 2009; Marra et al. 
2010; Dai et al. 2012; Peng et al. 2012; Li et al. 2013; Tian et al. 2014; Xiao et al. 
2016; Tong et al. 2017; Zhu et al. 2016; Zhang et al. 2017), Taiwan (Wu et al. 2012, 
2014), Madagascar (Pillay et al. 1998; Marra et al. 2010), South Africa (Pillay et al. 
1998, 2002; Molepo et al. 2007; Miiller et al. 2012), and Australia (Azzato et al. 
2012; Read et al. 2016). Analysis of molecular typing results have been reviewed 
in several studies (Peng et al. 2011; Ho and Lukehart 2011; Tipple and Taylor 
2015) and have found a worldwide predominance of subtype 14d, which repre- 
sents the most prevalent subtype in the majority of investigated geographical 
locations. In contrast, subtype 14d has never been detected in Taiwan (Wu et al. 
2012, 2014) and Cuba (Noda et al. 2016). Using enhanced CDC typing, the 14d 
subtype was separated to two major groups 14d/f and 14d/g. Based on these 
data, the 14d subtype may represent the original strain type circulating in popu- 
lations around the world (Peng et al. 2011). 

Sequencing-based typing has been used in a limited number of studies from 
the Czech Republic (Flasarova et al. 2012; Grillova et al. 2014), Belgium (Mikalova 
et al. 2017b), and Argentina (Gallo Vaulet et al. 2017), but has revealed dynamic 
changes in genotype distribution (Grillova et al. 2014). Moreover, the gene tar- 
gets within this typing scheme seem to be stable in contrast to CDC typing, 
where discrepancies in strain types were observed in samples isolated from a 
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single patient (Mikalova et al. 2013); therefore, making application of CDC typ- 
ing scheme questionable. 

Sequence analysis of TP0548 gene, as a part of enhanced CDC and sequenc- 
ing-based typing, allows results from both typing schemes to be combined, and 
has revealed clustering of clinical strains either to Nichols-like or SS14-like 
strains, similar clustering has also been observed in TPA reference strains based 
on whole genome analysis (Nechvatal et al. 2014). While sequence types of 
TP0548 marked as “a, b, c, d, and h” are related to TPA Nichols, sequence types 
“e, f, g, i,j, k, m, n, p, q, and r” are related to TPA SS14 strain. Interestingly, 94.1% 
of worldwide clinical isolates belong to the SS14-like cluster, while only 5.9% are 
Nichols-like strains (Figure 11.3). 

The worldwide predominance of SS14-like strains is either consistent with 
geographical and population separation of syphilis-infected human societies 
(Smajs et al. 2017) and/or could also be the result of expansion of macrolide- 
resistant TPA SS14-like strains (Arora et al. 2016). These strains could have 
acquired the macrolide resistance mutation earlier than the Nichols-like strains 
(Smajs et al. 2015), and this advantage would have allowed the descendant 
TPA SS14-like strains to dominate today. In addition, since several previous 
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Figure 11.3 Worldwide distribution of Nichols-like and SS14-like clinical isolates. The 
assignment of strains to either the Nichols-like of SS14-like group is based on the sequence 
analysis of an 83 bp-long fragment of TP0548 (coordinates 593 399-593 481 according to 
whole genome sequence of TPA Nichols) used in both enhanced CDC and sequencing-based 
typing schemes. Please note the worldwide predominance of $S14-like strains and the 
differences in distribution of Nichols-like and SS14-like strains. Source: Data from following 
studies were analyzed (Marra et al. 2010; Peng et al. 2011; Dai et al. 2012; Flasarova et al. 2012; 
Grimes et al. 2012; Wu et al. 2012; Grange et al. 2013; Grillova et al. 2014; Tipple and Taylor 
2015; Arora et al. 2016; Flores et al. 2016; Khairullin et al. 2016; Oliver et al. 2016; Pinto et al. 
2016; Read et al. 2016; Salado-Rasmussen et al. 2016; Xiao et al. 2016; Zhu et al. 2016; Gallo 
Vaulet et al. 2017; Mikalova et al. 2017b). * data from multiple studies were analyzed and 
merged together. (See color plate section for the color representation of this figure.) 
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experimental studies, in rabbits, pointed out the biological differences among 
syphilis-causing strains (Turner and Hollander 1957), Nichols-like and SS14-like 
strains could differ in virulence properties and this might also contribute to dif- 
ferent distributions of Nichols-like and $S14-like strains. Taken together, the 
ultimate reasons for the contemporary worldwide predominance of SS14-like 
strains in the human population still remains unknown and further studies need 
to be done to explain this phenomenon. 


11.7 Vaccine Development for Syphilis and Bejel 


Although the drug of first choice for syphilis and bejel treatment is as equally 
efficient as it was seven decades ago when penicillin treatment was first intro- 
duced, the number of syphilis cases in the last decades has not decreased and still 
remains over 10 million new cases per year worldwide (WHO 2008). This fact 
shows that available effective treatment is not sufficient to decrease, eliminate, or 
eradicate the disease by itself and that development of a syphilis vaccine is 
needed. This is further accented by the ongoing HIV epidemics where both dis- 
eases are predominantly transmitted by sexual contact and both syphilis and 
HIV infections tend to predispose a patient to the other (Douglas 2009). 
Compared to HIV-negative patients, HIV-positive patients showed lower 
opsonic activity in sera samples (Marra et al. 2016), and since the immunity of 
HIV-positive patients is compromised, it is likely that transmission of syphilis 
between HIV-positive patients is also more effective compared to healthy indi- 
viduals. Moreover, Grimes et al. (2012) found a statistically significant difference 
in the distribution of syphilis treponeme genotypes between HIV-positive and 
HIV-negative patients, suggesting epidemiological reasons for this phenomenon 
or genotype-related differences in TPA during infection of immunocompro- 
mised hosts. 

Previous observations revealed that rabbits can be fully immunized by y- 
irradiated treponemal cells and that rabbits remain protected against a challenge 
by the same TPA strain for at least one year (Miller 1973). This finding suggested 
that protective immunization is attainable but this protection is limited to the 
particular TPA strain. For successful protection against TPA infections, both 
cell-mediated and humoral host immune responses are needed (Schell et al. 
1979; Wicher et al. 1987). During experimental rabbit infections, persistent sub- 
populations of TPA strains were identified (LaFond et al. 2006) and genetic vari- 
ation within a single strain was proposed as a mechanism for this phenomenon 
(Gray et al. 2006; Čejková et al. 2015; Pinto et al. 2016). So far, several individual 
proteins have been tested as antigens for immunization against syphilis infection 
in animal models. Since none of the tested proteins elicited protective immunity 
(Borenstein et al. 1988; Wicher et al. 1991; Cameron et al. 1998; Centurion-Lara 
et al. 1999; Sun et al. 2004; Giacani et al. 2005), it is clear that a potential syphilis 
vaccine will need to contain a number of different antigens. One of the promising 
vaccine candidates for syphilis is TP0751, a vascular adhesin (Lithgow et al. 
2017). TP0751-immunized animals had attenuated lesion development and 
inhibited TPA dissemination. Moreover, accumulating data on genetic diversity 
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within TPA strains and populations (Smajs et al. 2012; Nechvatal et al. 2014; 
Arora et al. 2016) should provide additional information about the frequency of 
the different versions of antigens present in contemporary circulating strains. 
Development of a syphilis vaccine leading to protective immunity against most 
of the TPA strains circulating in the population appears to be a challenging task 
that will require the cooperation among many different fields of TPA research 
(reviewed in Lithgow and Cameron 2017). 


References 


A2058G Prevalence Workgroup (2012). Prevalence of the 23S rRNA A2058G point 
mutation and molecular subtypes in Treponema pallidum in the United States, 
2007 to 2009. Sexually Transmitted Diseases 39 (10): 794—798. 

Abdolrasouli, A., Croucher, A., Hemmati, Y. et al. (2013). A case of endemic 
syphilis, Iran. Emerging Infectious Diseases 19 (1): 162—163. 

Anand, A., LeDoyt, M., Karanian, C. et al. (2015). Bipartite topology of Treponema 
pallidum repeat proteins C/D and I: outer membrane insertion, trimerization, 
and porin function require a C-terminal B-barrel domain. The Journal of 
Biological Chemistry 290 (19): 12313-12331. 

Arora, N., Schuenemann, V.J., Jager, G. et al. (2016). Origin of modern syphilis and 
emergence of a pandemic Treponema pallidum cluster. Nature Microbiology 2: 
16245. 

Autier, P., Delcambe, J.F., Sangaré, D. et al. (1989). Serological and clinical studies of 
endemic treponematosis in the Republic of Mali. Annales De La Societe Belge De 
Medecine Tropicale 69 (4): 319-329. 

Azzato, F., Ryan, N., Fyfe, J. et al. (2012). Molecular subtyping of Treponema 
pallidum during a local syphilis epidemic in men who have sex with men in 
Melbourne, Australia. Journal of Clinical Microbiology 50 (6): 1895-1899. 

Borenstein, L.A., Radolf, J.D., Fehniger, T.E. et al. (1988). Immunization of rabbits 
with recombinant Treponema pallidum surface antigen 4D alters the course of 
experimental syphilis. Journal of Immunology 140 (7): 2415-2421. 

Brinkman, M.B., McGill, M.A., Pettersson, J. et al. (2008). A novel Treponema 
pallidum antigen, TP0136, is an outer membrane protein that binds human 
fibronectin. Infection and Immunity 76 (5): 1848-1857. 

Bruisten, S.M. (2012). Protocols for detection and typing of Treponema pallidum 
using PCR methods. Methods in Molecular Biology 903: 141-167. 

Cameron, C.E. (2003). Identification of a Treponema pallidum \aminin-binding 
protein. Infection and Immunity 71 (5): 2525-2533. 

Cameron, C.E., Castro, C., Lukehart, S.A. et al. (1998). Function and protective 
capacity of Treponema pallidum subsp. pallidum glycerophosphodiester 
phosphodiesterase. Infection and Immunity 66 (12): 5763—5770. 

Cameron, C.E., Brown, E.L., Kuroiwa, J.MLY. et al. (2004). Treponema pallidum 
fibronectin-binding proteins. Journal of Bacteriology 186 (20): 7019-7022. 

Cameron, C.E., Brouwer, N.L., Tisch, L.M. et al. (2005). Defining the interaction of 
the Treponema pallidum adhesin Tp0751 with laminin. Infection and Immunity 
73 (11): 7485-7494. 


224 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Castro, R., Prieto, E., Aguas, M.J. et al. (2007). Detection of Treponema pallidum sp 
pallidum DNA in latent syphilis. International Journal of STD & AIDS 18 (12): 
842-845. 

Čejková, D., Zobanikova, M., Pospíšilová, P. et al. (2013). Structure of rrn operons in 
pathogenic non-cultivable treponemes: sequence but not genomic position of 
intergenic spacers correlates with classification of Treponema pallidum and 
Treponema paraluiscuniculi strains. Journal of Medical Microbiology 62 (Pt 2): 
196-207. 

Čejková, D., Strouhal, M., Norris, S.J. et al. (2015). A retrospective study on 
genetic heterogeneity within Treponema strains: subpopulations are genetically 
distinct in a limited number of positions. PLoS Neglected Tropical Diseases 9 
(10): 0004110. 

Centers for Disease Control and Prevention. (2015a). STD Surveillance 
2015 — syphilis. Available from: https://www.cdc.gov/std/stats15/syphilis.htm. 

Centers for Disease Control and Prevention. (2015b). STD Treatment Guidelines 
2015. Available from: https://www.cdc.gov/std/tg2015/syphilis.htm. 

Centurion-Lara, A., Castro, C., Barrett, L. et al. (1999). Treponema pallidum major 
sheath protein homologue Tprk is a target of opsonic antibody and the protective 
immune response. The Journal of Experimental Medicine 189 (4): 647—656. 

Centurion-Lara, A., LaFond, R.E., Hevner, K. et al. (2004). Gene conversion: a 
mechanism for generation of heterogeneity in the tprK gene of Treponema 
pallidum during infection. Molecular Microbiology 52 (6): 1579-1596. 

Chan, K., Nasereddin, T., Alter, L. et al. (2016). Treponema pallidum lipoprotein 
TP0435 expressed in Borrelia burgdorferi produces multiple surface/periplasmic 
isoforms and mediates adherence. Scientific Reports 6: 25593. 

Chen, X.-S., Yin, Y.-P., Wei, W.-H. et al. (2013a). High prevalence of azithromycin 
resistance to Treponema pallidum in geographically different areas in China. 
Clinical Microbiology and Infection 19 (10): 975-979. 

Chen, C.-Y., Chi, K.-H., Pillay, A. et al. (2013b). Detection of the A2058G and 
A2059G 23S rRNA gene point mutations associated with azithromycin resistance 
in Treponema pallidum by use of a TaqMan real-time multiplex PCR assay. 
Journal of Clinical Microbiology 51 (3): 908-913. 

Cole, M.J., Chisholm, S.A., Palmer, H.M. et al. (2009). Molecular epidemiology of 
syphilis in Scotland. Sexually Transmitted Infections 85 (6): 447—451. 

Cruz, A.R. Pillay, A., Zuluaga, A.V. et al. (2010). Secondary syphilis in Cali, 
Colombia: new concepts in disease pathogenesis. PLoS Neglected Tropical 
Diseases 4 (5): e690. 

Csonka, G. and Pace, J. (1985). Endemic nonvenereal treponematosis (bejel) in 
Saudi Arabia. Reviews of Infectious Diseases 7 (Supp! 2): S260—S265. 

Dai, T., Li, K., Lu, H. et al. (2012). Molecular typing of Treponema pallidum: a 
5-year surveillance in Shanghai, China. Journal of Clinical Microbiology 50 (11): 
3674-3677. 

Dougan, S., Evans, B.G., and Elford, J. (2007). Sexually transmitted infections in 
Western Europe among HIV-positive men who have sex with men. Sexually 
Transmitted Diseases 34 (10): 783—790. 

Douglas, J.M. (2009). Penicillin treatment of syphilis: clearing away the shadow on 
the land. JAMA 301 (7): 769-771. 


Sexually Transmitted Treponematoses 


Duncan, C.W. (1989). Failure of erythromycin to cure secondary syphilis in a patient 
infected with the human immunodeficiency virus. Archives of Dermatology 125 
(1): 82-84. 

European Centre for Disease Prevention and Control. (2016). Annual 
epidemiological report 2016 — syphilis. Stockholm: ECDC; 2016. Available from: 
http://ecdc.europa.eu/en/healthtopics/Syphilis/Pages/Annual-epidemiological- 
report.aspx. 

Fanella, S., Kadkhoda, K., Shuel, M. et al. (2012). Local transmission of imported 
endemic syphilis, Canada, 2011. Emerging Infectious Diseases 18 (6): 1002-1004. 

Flasarova, M., Šmajs, D., Matějková, P. et al. (2006). Molecular detection and 
subtyping of Treponema pallidum subsp. pallidum in clinical specimens. 
Epidemiologie, Mikrobiologie, Imunologie 55 (3): 105-111. 

Flasarova, M., Pospíšilová, P., Mikalova, L. et al. (2012). Sequencing-based 
molecular typing of Treponema pallidum strains in the Czech Republic: all 
identified genotypes are related to the sequence of the SS14 strain. Acta 
Dermato-Venereologica 92 (6): 669-674. 

Flores, J.A., Vargas, S.K., Leon, S.R. et al. (2016). Treponema pallidum pallidum 
genotypes and macrolide resistance status in syphilitic lesions among patients at 
2 sexually transmitted infection clinics in lima, Peru. Sexually Transmitted 
Diseases 43 (7): 465—466. 

Florindo, C., Reigado, V., Gomes, J.P. et al. (2008). Molecular typing of Treponema 
pallidum clinical strains from Lisbon, Portugal. Journal of Clinical Microbiology 
46 (11): 3802-3803. 

Gallo Vaulet, L., Grillova, L., Mikalova, L. et al. (2017). Molecular typing of 
Treponema pallidum isolates from Buenos Aires, Argentina: frequent Nichols- 
like isolates and low levels of macrolide resistance. PLoS One 12 (2): e0172905. 

Galoo, E. and Schmoor, P. (1998). Identification of a focus of bejel in Mauritania. 
Medecine Tropicale: Revue Du Corps De Sante Colonial 58 (3): 311-312. 

Gayet-Ageron, A., Ninet, B., Toutous-Trellu, L. et al. (2009). Assessment of a real- 
time PCR test to diagnose syphilis from diverse biological samples. Sexually 
Transmitted Infections 85 (4): 264—269. 

Gayet-Ageron, A., Lautenschlager, S., Ninet, B. et al. (2013). Sensitivity, specificity 
and likelihood ratios of PCR in the diagnosis of syphilis: a systematic review and 
meta-analysis. Sexually Transmitted Infections 89 (3): 251-256. 

Gayet-Ageron, A., Laurent, F., Schrenzel, J. et al. (2015a). Performance of the 47- 
kilodalton membrane protein versus DNA polymerase I genes for detection of 
Treponema pallidum by PCR in ulcers. Journal of Clinical Microbiology 53 (3): 
976-980. 

Gayet-Ageron, A., Combescure, C., Lautenschlager, S. et al. (2015b). Comparison of 
diagnostic accuracy of PCR targeting the 47-kilodalton protein membrane gene of 
Treponema pallidum and PCR targeting the DNA polymerase I gene: systematic 
review and meta-analysis. Journal of Clinical Microbiology 53 (11): 3522-3529. 

Giacani, L. and Lukehart, S.A. (2014). The endemic treponematoses. Clinical 
Microbiology Reviews 27 (1): 89-115. 

Giacani, L., Sambri, V., Marangoni, A. et al. (2005). Immunological evaluation and 
cellular location analysis of the TprI antigen of Treponema pallidum subsp. 
pallidum. Infection and Immunity 73 (6): 3817-3822. 


225 


226 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Glatz, M., Juricevic, N., Altwegg, M. et al. (2014). A multicenter prospective trial to 
asses a new real-time polymerase chain reaction for detection of Treponema 
pallidum, herpes simplex-1/2 and Haemophilus ducreyi in genital, anal and 
oropharyngeal ulcers. Clinical Microbiology and Infection 20 (12): 
01020-01027. 

Grange, P.A., Gressier, L., Dion, P.-L. et al. (2012). Evaluation of a PCR test for 
detection of Treponema pallidum in swabs and blood. Journal of Clinical 
Microbiology 50 (3): 546-552. 

Grange, P.A., Allix-Beguec, C., Chanal, J. et al. (2013). Molecular subtyping of 
Treponema pallidum in Paris, France. Sexually Transmitted Diseases 40 (8): 
641—644. 

Grange, P.A., Mikalová, L., Gaudin, C. et al. (2016). Treponema pallidum 11qj 
subtype may correspond to a Treponema pallidum subsp. endemicum strain. 
Sexually Transmitted Diseases 43 (8): 517—518. 

Gray, R.R., Mulligan, C.J., Molini, B.J. et al. (2006). Molecular evolution of the tprC, 
D, I, K, G, and J genes in the pathogenic genus Treponema. Molecular Biology 
and Evolution 23 (11): 2220—2233. 

Grillova, L., Pétrosova, H., Mikalova, L. et al. (2014). Molecular typing of 
Treponema pallidum in the Czech Republic during 2011 to 2013: increased 
prevalence of identified genotypes and of isolates with macrolide resistance. 
Journal of Clinical Microbiology 52 (10): 3693-3700. 

Grimes, M., Sahi, S.K., Charmie Godornes, B. et al. (2012). Two mutations 
associated with macrolide resistance in Treponema pallidum: increasing 
prevalence and correlation with molecular strain type in Seattle, Washington. 
Sexually Transmitted Diseases 39 (12): 954—958. 

Heymans, R., van der Helm, J.J., de Vries, H.J.C. et al. (2010). Clinical value of 
Treponema pallidum real-time PCR for diagnosis of syphilis. Journal of Clinical 
Microbiology 48 (2): 497-502. 

Ho, E.L. and Lukehart, S.A. (2011). Syphilis: using modern approaches to 
understand an old disease. The Journal of Clinical Investigation 121 (12): 
4584—4592. 

Janier, M., Hegyi, V., Dupin, N. et al. (2014). 2014 European guideline on the 
management of syphilis. Journal of the European Academy of Dermatology and 
Venereology: JEADV 28 (12): 1581-1593. 

Katz, K.A., Pillay, A., Ahrens, K. et al. (2010). Molecular epidemiology of 
syphilis — San Francisco, 2004—2007. Sexually Transmitted Diseases 37 (10): 
660-663. 

Khairullin, R., Vorobyev, D., Obukhoy, A. et al. (2016). Syphilis epidemiology in 
1994—2013, molecular epidemiological strain typing and determination of 
macrolide resistance in Treponema pallidum in 2013-2014 in Tuva Republic, 
Russia. APMIS: Acta Pathologica, Microbiologica, et Immunologica Scandinavica 
124 (7): 595-602. 

Klausner, J.D., Kohn, R.P., and Kent, C.K. (2006). Azithromycin versus penicillin for 
early syphilis. The New England Journal of Medicine 354 (2): 203—205. 

Koek, A.G., Bruisten, S.M., Dierdorp, M. et al. (2006). Specific and sensitive 
diagnosis of syphilis using a real-time PCR for Treponema pallidum. Clinical 
Microbiology and Infection 12 (12): 1233-1236. 


Sexually Transmitted Treponematoses 


Kriesel, J.D., Bhatia, A.S., Barrus, C. et al. (2016). Multiplex PCR testing for nine 
different sexually transmitted infections. International Journal of STD & AIDS 27 
(14): 1275-1282. 

Kumar, S., Stecher, G., and Tamura, K. (2016). MEGA7: molecular evolutionary 
genetics analysis version 7.0 for bigger datasets. Molecular Biology and Evolution 
33 (7): 1870-1874. 

LaFond, R.E., Centurion-Lara, A., Godornes, C. et al. (2003). Sequence diversity of 
Treponema pallidum subsp. pallidum TprK in human syphilis lesions and 
rabbit-propagated isolates. Journal of Bacteriology 185 (21): 6262-6268. 

LaFond, R.E., Centurion-Lara, A., Godornes, C. et al. (2006). TprK sequence 
diversity accumulates during infection of rabbits with Treponema 
pallidum subsp. pallidum Nichols strain. Infection and Immunity 74 (3): 
1896-1906. 

Larsen, S.A., Steiner, B.M., and Rudolph, A.H. (1995). Laboratory diagnosis and 
interpretation of tests for syphilis. Clinical Microbiology Reviews 8 (1): 1-21. 

Leader, B.T., Hevner, K., Molini, B.J. et al. (2003). Antibody responses elicited 
against the Treponema pallidum repeat proteins differ during infection with 
different isolates of Treponema pallidum subsp. pallidum. Infection and 
Immunity 71 (10): 6054-6057. 

Li, Z., Hou, J., Zheng, R. et al. (2013). Two mutations associated with macrolide 
resistance in Treponema pallidum in Shandong, China. Journal of Clinical 
Microbiology 51 (12): 4270-4271. 

Lithgow, K.V. and Cameron, C.E. (2017). Vaccine development for syphilis. Expert 
Review of Vaccines 16 (1): 37—44. 

Lithgow, K.V., Hof, R., Wetherell, C. et al. (2017). A defined syphilis vaccine 
candidate inhibits dissemination of Treponema pallidum subspecies pallidum. 
Nature Communications 8: 14273. 

Lukehart, S.A., Godornes, C., Molini, B.J. et al. (2004). Macrolide resistance in 
Treponema pallidum in the United States and Ireland. The New England Journal 
of Medicine 351 (2): 154—158. 

Magnuson, H.J., Eagle, H., and Fleischman, R. (1948). The minimal infectious 
inoculum of Spirochaeta pallida (Nichols strain) and a consideration of its rate of 
multiplication in vivo. American Journal of Syphilis, Gonorrhea, and Venereal 
Diseases 32 (1): 1-18. 

Mahoney, J.F., Arnold, R.C., and Harris, A. (1943). Penicillin treatment of early 
syphilis-a preliminary report. American Journal of Public Health and the Nation’s 
Health 33 (12): 1387-1391. 

Marra, C.M., Colina, A.P., Godornes, C. et al. (2006). Antibiotic selection may 
contribute to increases in macrolide-resistant Treponema pallidum. The Journal 
of Infectious Diseases 194 (12): 1771-1773. 

Marra, C.M., Sahi, S.K., Tantalo, L.C. et al. (2010). Enhanced molecular typing 
of Treponema pallidum: geographical distribution of strain types and 
association with neurosyphilis. The Journal of Infectious Diseases 202 (9): 
1380-1388. 

Marra, C.M., Tantalo, L.C., Sahi, S.K. et al. (2016). Reduced Treponema pallidum- 
specific opsonic antibody activity in HIV-infected patients with syphilis. The 
Journal of Infectious Diseases 213 (8): 1348-1354. 


227 


228 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Martin, L.E., Weiming, G., Yang, Y. et al. (2009). Macrolide resistance and molecular 
types of Treponema pallidum causing primary syphilis in Shanghai, China. 
Clinical Infectious Diseases 49 (4): 515-521. 

Martin, L.E., Tsang, R.S.W., Sutherland, K. et al. (2010). Molecular typing of 
Treponema pallidum strains in western Canada: predominance of 14d subtypes. 
Sexually Transmitted Diseases 37 (9): 544—548. 

Matějková, P., Flasarova, M., Zakoucka, H. et al. (2009). Macrolide treatment failure 
in a case of secondary syphilis: a novel A2059G mutation in the 23S rRNA gene 
of Treponema pallidum subsp. pallidum. Journal of Medical Microbiology 58 (Pt 
6): 832-836. 

Mikalova, L., Pospíšilová, P., Woznicova, V. et al. (2013). Comparison of CDC and 
sequence-based molecular typing of syphilis treponemes: tpr and arp loci are 
variable in multiple samples from the same patient. BMC Microbiology 13: 178. 

Mikalova, L., Strouhal, M., Oppelt, J. et al. (2017a). Human Treponema pallidum 
11q/j isolate belongs to subsp. endemicum but contains two loci with a sequence 
in TP0548 and TP0488 similar to subsp. pertenue and subsp. pallidum, 
respectively. PLoS Neglected Tropical Diseases 11 (3): e0005434. 

Mikalova, L., Grillova, L., Osbak, K. et al. (2017b). Molecular typing of syphilis- 
causing strains among human immunodeficiency virus-positive patients in 
Antwerp, Belgium. Sexually Transmitted Diseases 44 (6): 376-379. 

Miller, J.N. (1973). Immunity in experimental syphilis. VI. Successful vaccination of 
rabbits with Treponema pallidum, Nichols strain, attenuated by -irradiation. 
Journal of Immunology 110 (5): 1206-1215. 

Mitchell, S.J., Engelman, J., Kent, C.K. et al. (2006). Azithromycin-resistant syphilis 
infection: San Francisco, California, 2000—2004. Clinical Infectious Diseases 42 
(3): 337-345. 

Molepo, J., Pillay, A., Weber, B. et al. (2007). Molecular typing of Treponema 
pallidum strains from patients with neurosyphilis in Pretoria, South Africa. 
Sexually Transmitted Infections 83 (3): 189-192. 

Molini, B.J., Tantalo, L.C., Sahi, S.K. et al. (2016). Macrolide resistance in 
Treponema pallidum correlates with 23S rDNA mutations in recently isolated 
clinical strains. Sexually Transmitted Diseases 43 (9): 579-583. 

Morshed, M.G. and Singh, A.E. (2015). Recent trends in the serologic diagnosis of 
syphilis. Clinical and Vaccine Immunology: CVI 22 (2): 137-147. 

Muldoon, E.G., Walsh, A., Crowley, B. et al. (2012). Treponema pallidum 
azithromycin resistance in Dublin, Ireland. Sexually Transmitted Diseases 39 
(10): 784-786. 

Müller, E.E., Paz-Bailey, G., and Lewis, D.A. (2012). Macrolide resistance testing 
and molecular subtyping of Treponema pallidum strains from southern Africa. 
Sexually Transmitted Infections 88 (6): 470—474. 

Nandwani, R. and Evans, D.T. (1995). Are you sure it’s syphilis? A review of false 
positive serology. International Journal of STD & AIDS 6 (4): 241-248. 

Nechvatal, L., Pétrosova, H., Grillova, L. et al. (2014). Syphilis-causing strains 
belong to separate SS14-like or Nichols-like groups as defined by multilocus 
analysis of 19 Treponema pallidum strains. International Journal of Medical 
Microbiology: I[MM 304 (5-6): 645-653. 


Sexually Transmitted Treponematoses 


Noda, A.A., Matos, N., Blanco, O. et al. (2016). First report of the 23S rRNA gene 
A2058G point mutation associated with macrolide resistance in Treponema 
pallidum from syphilis patients in Cuba. Sexually Transmitted Diseases 43 (5): 
332-334. 

Oliver, S., Sahi, S.K., Tantalo, L.C. et al. (2016). Molecular typing of Treponema 
pallidum in ccular syphilis. Sexually Transmitted Diseases 43 (8): 524—527. 

Orle, K.A., Gates, C.A., Martin, D.H. et al. (1996). Simultaneous PCR detection of 
Haemophilus ducreyi, Treponema pallidum, and Herpes simplex virus types 1 and 
2 from genital ulcers. Journal of Clinical Microbiology 34 (1): 49-54. 

Palmer, G.H., Bankhead, T., and Lukehart, S.A. (2009). ‘Nothing is permanent but 
change’ — antigenic variation in persistent bacterial pathogens. Cellular 
Microbiology 11 (12): 1697-1705. 

Pandori, M.W., Gordones, C., Castro, L. et al. (2007). Detection of azithromycin 
resistance in Treponema pallidum by real-time PCR. Antimicrobial Agents and 
Chemotherapy 51 (9): 3425-3430. 

Peng, R.-R., Wang, A.L., Li, J. et al. (2011). Molecular typing of Treponema 
pallidum: a systematic review and meta-analysis. PLoS Neglected Tropical 
Diseases 5 (11): e1273. 

Peng, R.-R., Yin, Y.-P., Wei, W.-H. et al. (2012). Molecular typing of Treponema 
pallidum causing early syphilis in China: a cross-sectional study. Sexually 
Transmitted Diseases 39 (1): 42—45. 

Pétrosova, H., Pospíšilová, P., Strouhal, M. et al. (2013). Resequencing of Treponema 
pallidum ssp. pallidum strains Nichols and $S14: correction of sequencing errors 
resulted in increased separation of syphilis treponeme subclusters. PLoS One 8 
(9): e74319. 

Pillay, A., Liu, H., Chen, C.Y. et al. (1998). Molecular subtyping of Treponema 
pallidum subspecies pallidum. Sexually Transmitted Diseases 25 (8): 408—414. 

Pillay, A., Liu, H., Ebrahim, S. et al. (2002). Molecular typing of Treponema 
pallidum in South Africa: cross-sectional studies. Journal of Clinical Microbiology 
40 (1): 256-258. 

Pinto, M., Borges, V., Antelo, M. et al. (2016). Genome-scale analysis of the non- 
cultivable Treponema pallidum reveals extensive within-patient genetic variation. 
Nature Microbiology 2: 16190. 

Pope, V., Fox, K., Liu, H. et al. (2005). Molecular subtyping of Treponema pallidum 
from north and South Carolina. Journal of Clinical Microbiology 43 (8): 
3743-3746. 

Radolf, J.D., Norgard, M.V., and Schulz, W.W. (1989). Outer membrane 
ultrastructure explains the limited antigenicity of virulent Treponema pallidum. 
Proceedings of the National Academy of Sciences of the United States of America 
86 (6): 2051-2055. 

Read, P., Jeoffreys, N., and Tagg, K. (2014). Azithromycin-resistant syphilis-causing 
strains in Sydney, Australia: prevalence and risk factors. Journal of Clinical 
Microbiology 52 (8): 2776-2781. 

Read, P., Tagg, K.A., Jeoffreys, N. et al. (2016). Treponema pallidum strain types and 
association with macrolide resistance in Sydney, Australia: new TP0548 gene 
types identified. Journal of Clinical Microbiology 54 (8): 2172—2174. 


229 


230 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Rothschild, B.M. (2005). History of syphilis. Clinical Infectious Diseases 40 (10): 
1454-1463. 

Salado-Rasmussen, K., Cowan, S., Gerstoft, J. et al. (2016). Molecular typing of 
Treponema pallidum in Denmark: a nationwide study of syphilis. Acta Dermato- 
Venereologica 96 (2): 202-206. 

Sands, M. and Markus, A. (1995). Lues maligna, or ulceronodular syphilis, in a man 
infected with human immunodeficiency virus: case report and review. Clinical 
Infectious Diseases 20 (2): 387—390. 

Schell, R.F., Chan, J.K., and Le Frock, J.L. (1979). Endemic syphilis: passive transfer 
of resistance with serum and cells in hamsters. The Journal of Infectious Diseases 
140 (3): 378-383. 

Schmid, G.P., Stoner, B.P., Hawkes, S. et al. (2007). The need and plan for global 
elimination of congenital syphilis. Sexually Transmitted Diseases 34 (7 Suppl): 
S5-S10. 

Scott, L.J., Gunson, R.N., Carman, W.E. et al. (2010). A new multiplex real-time PCR 
test for HSV1/2 and syphilis: an evaluation of its impact in the laboratory and 
clinical setting. Sexually Transmitted Infections 86 (7): 537-539. 

Shields, M., Guy, R.J., Jeoffreys, N.J. et al. (2012). A longitudinal evaluation of 
Treponema pallidum PCR testing in early syphilis. BMC Infectious Diseases 12: 353. 

Smajs, D., Norris, S.J., and Weinstock, G.M. (2012). Genetic diversity in Treponema 
pallidum: implications for pathogenesis, evolution and molecular diagnostics of 
syphilis and yaws. Infection, Genetics and Evolution 12 (2): 191—202. 

Šmajs, D., Paštěková, L., and Grillova, L. (2015). Macrolide resistance in the syphilis 
spirochete, Treponema pallidum ssp. pallidum: can we also expect macrolide- 
resistant yaws strains? The American Journal of Tropical Medicine and Hygiene 
93 (4): 678-683. 

Smajs, D., Mikalova, L., Strouhal, M. et al. (2017). Why there are two genetically 
distinct syphilis-causing strains? Forum on Immunopathological Diseases and 
Therapeutics doi: 10.1615/ForumImmunDisTher.2017020184. 

Stamm, L.V. and Bergen, H.L. (2000). A point mutation associated with bacterial 
macrolide resistance is present in both 235 rRNA genes of an erythromycin- 
resistant Treponema pallidum clinical isolate. Antimicrobial Agents and 
Chemotherapy 44 (3): 806-807. 

Stamm, L.V., Stapleton, J.T., and Bassford, P.J. (1988). In vitro assay to demonstrate 
high-level erythromycin resistance of a clinical isolate of Treponema pallidum. 
Antimicrobial Agents and Chemotherapy 32 (2): 164—169. 

Stapleton, J.T., Stamm, L.V., and Bassford, P.J. (1985). Potential for development of 
antibiotic resistance in pathogenic treponemes. Reviews of Infectious Diseases 7 
(Suppl 2): $314—S317. 

Staudova, B., Strouhal, M., Zobanikov, M. et al. (2014). Whole genome sequence of 
the Treponema pallidum subsp. endemicum strain Bosnia a: the genome is related 
to yaws treponemes but contains few loci similar to syphilis treponemes. PLoS 
Neglected Tropical Diseases 8 (11): e3261. 

Sun, E.S., Molini, B.J., Barrett, L.K. et al. (2004). Subfamily I Treponema pallidum 
repeat protein family: sequence variation and immunity. Microbes and Infection 6 
(8): 725-737. 


Sexually Transmitted Treponematoses 


Sutton, M.Y., Liu, H., Steiner, B. et al. (2001). Molecular subtyping of Treponema 
pallidum in an Arizona County with increasing syphilis morbidity: use of 
specimens from ulcers and blood. The Journal of Infectious Diseases 183 (11): 
1601-1606. 

Tian, H., Li, Z., Li, Z. et al. (2014). Molecular typing of Treponema pallidum: 
identification of a new sequence of Tp0548 gene in Shandong, China. Sexually 
Transmitted Diseases 41 (9): 551. 

Tipple, C. and Taylor, G.P. (2015). Syphilis testing, typing, and treatment follow-up: 
a new era for an old disease. Current Opinion in Infectious Diseases 28 (1): 53—60. 

Tipple, C., Hanna, M.O.F,, Hill, S. et al. (2011a). Getting the measure of syphilis: 
qPCR to better understand early infection. Sexually Transmitted Infections 87 (6): 
479-485. 

Tipple, C., McClure, M.O., and Taylor, G.P. (2011b). High prevalence of macrolide 
resistant Treponema pallidum strains in a London centre. Sexually Transmitted 
Infections 87 (6): 486-488. 

Tong, M.-L., Zhang, H.-L., Zhu, X.-Z. et al. (2017). Re-evaluating the sensitivity of 
the rabbit infectivity test for Treponema pallidum in modern era. Clinica 
Chimica Acta 464: 136-141. doi: 10.1016/j.cca.2016.11.031. 

Tucker, J.D., Yin, Y.-P., Wang, B. et al. (2011). An expanding syphilis epidemic in 
China: epidemiology, behavioural risk and control strategies with a focus on low- 
tier female sex workers and men who have sex with men. Sexually Transmitted 
Infections 87 (Suppl 2): ii16-ii18. 

Turner, T.B. and Hollander, D.H. (1957). Biology of the treponematoses based on 
studies carried out at the International Treponematosis Laboratory Center of the 
Johns Hopkins University under the auspices of the World Health Organization. 
Monograph Series. World Health Organization 35: 3-266. 

Turner, T.B., Hardy, P.H., and Newman, B. (1969). Infectivity tests in syphilis. The 
British Journal of Venereal Diseases 45 (3): 183-195. 

Vester, B. and Douthwaite, S. (2001). Macrolide resistance conferred by base 
substitutions in 23S rRNA. Antimicrobial Agents and Chemotherapy 45 (1): 1-12. 

Wicher, K., Jakubowski, A., and Wicher, V. (1987). Humoral response in Treponema 
pallidum-infected guinea pigs: I. Antibody specificity. Clinical and Experimental 
Immunology 69 (2): 263—270. 

Wicher, K., Schouls, L.M., Wicher, V. et al. (1991). Immunization of Guinea pigs 
with recombinant TmpB antigen induces protection against challenge infection 
with Treponema pallidum Nichols. Infection and Immunity 59 (12): 4343-4348. 

Workowski, K.A., Berman, S., and Centers for Disease Control and Prevention 
(CDC) (2010). Sexually transmitted diseases treatment guidelines, 2010. 
Morbidity and Mortality Weekly Report. Recommendations and Reports 59 
(RR-12): 1-110. 

World Health Organization (WHO). (2008). Global incidence and prevalence of 
selected curable sexually transmitted infections. http://www.who.int/ 
reproductivehealth/publications/rtis/stisestimates/en/ 

Woznicova, V., Matéjkova, P., Flasarova, M. et al. (2010). Clarithromycin treatment 
failure due to macrolide resistance in Treponema pallidum in a patient with 
primary syphilis. Acta Dermato- Venereologica 90 (2): 206-207. 


231 


232 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Wu, H., Chang, S.-Y., Lee, N.-Y. et al. (2012). Evaluation of macrolide resistance and 
enhanced molecular typing of Treponema pallidum in patients with syphilis in 
Taiwan: a prospective multicenter study. Journal of Clinical Microbiology 50 (7): 
2299-2304. 

Wu, B.-R., Yang, C.-J., Tsai, M.-S. et al. (2014). Multicentre surveillance of 
prevalence of the 23S rRNA A2058G and A2059G point mutations and molecular 
subtypes of Treponema pallidum in Taiwan, 2009-2013. Clinical Microbiology 
and Infection 20 (8): 802-807. 

Xiao, Y., Liu, S., Liu, Z. et al. (2016). Molecular subtyping and surveillance of 
resistance genes in Treponema pallidum DNA from patients with secondary and 
latent syphilis in hunan, China. Sexually Transmitted Diseases 43 (5): 310-316. 

Zhang, R.-L., Wang, Q.-Q., Zhang, J.-P. et al. (2017). Molecular subtyping of 
Treponema pallidum and associated factors of serofast status in early syphilis 
patients: identified novel genotype and cytokine marker. PLoS One 12 (4): 
e0175477. 

Zhou, P., Li, K., Haikong, L. et al. (2010). Azithromycin treatment failure among 
primary and secondary syphilis patients in shanghai. Sexually Transmitted 
Diseases 37 (11): 726—729. 

Zhu, B., Jin, B., Li, W. et al. (2016). High resistance to azithromycin in clinical 
samples from patients with sexually transmitted diseases in Guangxi Zhuang 
autonomous region, China. PLoS One 11 (7): e€0159787. 


12 


Genital Mycoplasmas 
Suncanica Ljubin-Sternak 


Clinical Microbiology Department, Teaching Institute of Public Health “Dr Andrija Stampar’; & Medical 
Microbiology Department, School of Medicine, University of Zagreb, Zagreb, Croatia 


12.1 Introduction 


Mycoplasmas are the smallest bacteria that are capable of living and replication 
outside the host cell. Per their main characteristic — lack of cell wall — they are 
classified into the Class Mollicutes (lat. Mollis=soft; cutis=skin) order 
Mycoplasmatales, family Mycoplasmataceae with more than 130 species iden- 
tified. The term “mycoplasma” is often used to refer to any members of the 
class Mollicutes irrespective of the fact whether they truly belong to the family 
Mycoplasmataceae, or to be more specific, genus Mycoplasma. Moreover, 
there are number of species in this class that are not clinically relevant, which 
emphasizes the need to change the generally accepted term in favor of the 
species (Ljubin-Sternak and Mestrovic 2014). Genital mycoplasmas comprise 
those that primarily colonize genitourinary tract. They belong to the two 
genera: genus Mycoplasma and genus Ureaplasma comprising seven and two 
species of human origin, respectively (Waites and Taylor-Robinson 2015), 
listed in Table 12.1. 

Mycoplasma genitalium, Mycoplasma hominis, and Ureaplasma spp. are con- 
sidered pathogenic for humans (Taylor-Robinson and Jensen 2011) causing a 
plethora of clinical syndromes, ranging from common genital tract infections to 
the rare manifestations such as Reiter syndrome (Rivera et al. 2002, Hartmann 
2009) (Table 12.1). Additionally, Ureaplasma urealyticum organisms compris- 
ing of 14 serovars are recognized to present two distinct species, designated 
as U. parvum (formerly biovar 1 comprising of serovars 1, 3, 6, and 14) and 
U. urealyticum (formerly biovar 2 with the other 10 serovars), raising the need 
for reevaluation of their possible differential disease association (Povlsen et al. 
1998, 2002) (Table 12.1). Mycoplasma fermentans, Mycoplasma penetrans, 
Mycoplasma primatum, and Mycoplasma spermatophilum are considered as 
nonpathogenic for humans, and they are not clinically significant in immuno- 
competent persons (Taylor-Robinson and Lamont 2011) (Table 12.1). 
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Table 12.1 Genital mycoplasmas - date of first description and pathogenicity. 


Year of species first 


Species description Pathogenicity 
M. hominis 1937 + 
M. fermentans 1952 + 
M. primatum 1971 = 
M. genitalium 1981 + 
M. pirum 1985 = 
M. penetrans 1991 ? 
M. spermatophilum 1991 - 
U. urealyticum 1954 + 
U. parvum 2002 ? 


12.2 Biology 


Mycoplasmas and ureaplasmas are the smallest free-living bacteria, with coccoid 
forms size of M. hominis ranging from 0.2 to 0.3 um in diameter (Robertson et al. 
1983), M. genitalium bottle-shaped forms of 0.6 to 0.7 um widths 0.3 to 0.4m at 
the broadest part (Taylor-Robinson and Jensen 2011), and Ureaplasma spp. 
ovoid forms of 0.2 to 0.8 in diameter (Thirkell et al. 1989). Due to their small size, 
they can pass through the bacteriological filters (diameter of 0.45 pm), the reason 
why they have been considered as viruses. Their genomes belong to the smallest 
ones among the bacteria (Table 12.2) ranging from 580 (M. genitalium) to 1.360 
kb (M. penetrans) (Ladefoged and Christiansen 1992; Sasaki et al. 2002; Glass 
et al. 2006) (Table 12.2). 

Moreover, M. genitalium genom of 580070 base pairs is the smallest known 
bacterial genom identified. Such a small number of genes are expected to be a 
close approximation to the minimal set of genes needed to sustain bacterial life, 


Table 12.2 Biology features of pathogenic genital mycoplasmas. 


Species Genome size (kb) Metabolism Motilitiy 
M. genitalium 580 glucose + 
M. hominis 704—825 arginine + 
M. fermentans* 977 glucose and arginin ? 
M. penetrans 1358 glucose and arginin + 
U. urealyticum 840-1140 urea - 
U. parvum 750-760 urea - 


“also detected in respiratory tract specimens. 
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thus making the M. genitalium appropriate model of minimal requirements for 
cellular life (Glass et al. 2006). 

Mycoplasmas are contained by a triple-layered cell membrane and do not pos- 
sess a cell wall. The absence of the cell walls make them very pleomorphic in shape, 
showing coccoid, ovoid, rod filamentous, and irregular forms. Like mammalian 
cells, they are osmotically sensitive, thus making them very vulnerable outside the 
host. Permanent lack of cell wall differentiates them from bacterial L forms, for 
which the lack of the cell wall is a temporary reflection of environmental condi- 
tions (Waites and Taylor-Robinson 2015). Many of them incorporate sterols 
provided by the host in their cytoplasmatic membrane, which is very uncommon 
in wall-covered bacteria. Sterols provide strength to the mycoplasmas membranes 
by making them more rigid. 

Transmission electron microscopy revealed that several genital mycoplasmas 
(e.g. M. genitalium, M. penetrans) can be seen to have specialized structures at 
one or both ends (commonly called terminal structures), usually showing flask- 
shaped morphology, with a prominent truncated terminal portion (Kirchhoff 
et al. 1984). Terminal structures are composed of adhesive proteins which are 
responsible for adhering to the host cells (Hu et al. 1987). Small projections of 
7—8 nm length, that resembles those on myxoviruses, may be also seen extending 
distally from the tip of M. genitalium and may facilitate attachment (Tully et al. 
1981). Akin to this reports, Torres-Morquecho et al. (2010) described a tip-like 
structure in Ureaplasma spp. also. 

Some genital mycoplasmas (i.e. M. hominis, M. genitalium, M. penetrans) are 
actively motile showing contractility and/or gliding motility. The tips move first, 
and they usually move in circles with speed averages for M. genitalium about 
0.1 um per second (Bredt et al. 1973, Pich et al. 2006). 

Genital mycoplasmas are facultative anaerobes, and they can be differentiated 
according to their metabolism, regarding their main source of energy (i.e. glu- 
cose, arginine, and urea) (Table 12.2). However, except for utilization of urea, 
which is unique for ureaplasmas, these biochemical features are not sufficient for 
species distinction. 


12.3 Pathogenesis 


The genital mycoplasmas are parasites or commensals residing the genital tract 
of humans. Limited biosynthetic capabilities of mycoplasmas, and the needs to 
obtain the nutrients from the host because they cannot synthesize, explain their 
parasitic nature. 

Several virulence factors play a key role in the pathogenesis of infection caused 
by genital mycoplasmas: (i) expression of specific adhesion proteins; (ii) anti- 
genic variation; (iii) production of enzymes; (iv) facultative intracellular localiza- 
tion; and (v) capacity to induce host immune response. In addition, gliding 
motility of mycoplasmas, although not in such extent as in highly motile flagellar 
bacteria, is important factor in penetrating the mucous layer covering mucosal 
epithelial cells and enabling the mycoplasma to attach to and invade the cells. 
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12.3.1 Adhesion Proteins 


Attachment of genital mycoplasmas to the host cells in the genitourinary tract of 
humans is a first step in a process of colonization and infection. Since mycoplasmas 
do not possess cell wall and fimbrial structures, their membrane proteins exposed 
to the external environment mediate direct binding of the bacteria to host cells. 

Cytoadherence of M. genitalium is mediated by adherence proteins MgPa of 
140kDa and P110 (also known as MG191 and MG192, respectively) in collabora- 
tion with accessory proteins, such as the MG218 and MG317 proteins (Pich et al. 
2008, Taylor-Robinson and Jensen 2011). It was demonstrated that MgPa clus- 
ters in terminal structures and mediates adherence to many epithelial cells, sper- 
matozoa, erythrocytes, and artificial surfaces (Tully et al. 1983). It is also the 
main immunodominant protein of M. genitalium. 

Attachment of M. hominis has not been characterized to the same extent as for 
M. genitalium, and it seems that this mycoplasma does not possess such a promi- 
nent attachment organelle. Variable-adherence-associated antigen (Vaa), demon- 
strated by Henrich et al. (1993), is believed to be a major adhesin of M. hominis, 
which could also assist in evasion of host immune response. In addition to the Vaa, 
also known as cytoadhesive lipoproteins P50, a multifunctional protein OppA of 
M. hominis also participates in cytoadhesion, as well as in nutrition uptake and 
hydrolysis of extracellular Adenosine Triphosphate (ATP) (Hopfe et al. 2011). 

Ureaplasma adhesins are proteinaceous antigenic substance, and the adherence 
inhibition assays by neuraminidase and glucose showed that residuals of sialic 
acid could be related to a receptor. It is suggested that the ureaplasmas multi- 
banded antigen (MB) might act like an adhesin (Torres-Morquecho et al. 2010). 


12.3.2 Antigenic Variation 


The variation of surface antigens of genital mycoplasmas is an important factor in 
evasion of host immune response and may be related to persistence of these organ- 
isms at invasive sites. A subset of repetitive DNA elements homologous to the 
MgPa adhesin gene known as MgPars dispersed in nine loci of the M. genitalium 
genom may serve as the donor sequences that can recombine into two of the three 
genes encoded by the MgPa operon, thus contributing to the variation in the pro- 
tein encoded by MgPa gene (Iverson-Cabral et al. 2006, Ma et al. 2010). Variation 
in Vaa genes is responsible for generation of surface variation of M. hominis both 
in size and antigenic divergence (Zhang and Wise 1996). It was also shown that the 
MB proteins of U. urealyticum and U. parvum are subjected to a phase-switching 
mechanism (Monecke et al. 2003), and that the degree of ureaplasma MB protein 
variation in vivo increased with the duration of infection (Robinson et al. 2013) All 
these molecular mechanisms result in antigenic variation that could affect the 
mycoplasmas adherence and evasion of antibody-mediated immunity, thereby 
contributing to the organism’s adaptive capability in the human host. 


12.3.3 Production of Enzymes 


Production of enzymes provides basic compounds for mycoplasmas cell synthe- 
sis. For example, M. genitalium has a calcium-dependent membrane-associated 
nuclease with the ability to degrade host cell nucleic acids that serve as a source 
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of nucleotide precursors for growth and for pathogenic processes (Li et al. 
2010). Enzymes also play a crucial role in pathogenesis of mycoplasmas disease 
both in establishment of colonization, and inducing inflammatory response and 
host tissue damage. Ureaplasmas are known to produce IgA protease to facili- 
tate the colonization by microorganisms by degrading mucosal IgA. They also 
release ammonia through urealytic activity of a urease, which can cause toxicity 
to host tissues due to change in pH. Additionally, they express phospholipase A 
and C, which generate prostaglandins — a known trigger of labor (Kokkayil and 
Dhawan 2015). 


12.3.4 Facultative Intracellular Localization 


The ability of mycoplasmas to survive within host cells is a significant feature, 
and it might help explain the chronic nature of many mycoplasma infections and 
the persistence of asymptomatic carriers. Intracellular location of many genital 
mycoplasmas (e.g. M. hominis, M. fermentans, M. penetrans, M. genitalium) was 
clearly demonstrated in different kinds of human cells (Sethi et al. 2012). Chronic 
disease course facilitated by intracellular location of genital mycoplasmas might 
have implications in long-term sequalae such as a male’s or a couple’s fertility. For 
instance, Mycoplasma hominis attaches to and locates intracellularly in human 
spermatozoa. Although sperm viability was not altered, it seems that minor pro- 
portion of infected spermatozoa showed morphological changes (Diaz-Garcia 
et al. 2006). Additionally, it was shown that M. hominis can infect and survive 
within protozoon Trichomaons vaginalis, the most common nonviral sexually 
transmitted pathogen (Vancini and Benchimol 2008). This coexistence with 
other sexually transmitted microorganisms, and even more surviving within it, 
may help mycoplasmas in spreading from the lower to the upper genital tract. 
Furthermore, the survival of mycoplasmas within professional phagocytic cells 
demonstrated that the existence of M. fermentans in human polymorphonuclear 
leukocytes might lead to dissemination within the host. Difficulties in outcome 
for patients receiving multiple courses of highly active antibiotic treatment with 
temporary improvement but subsequent relapse might be also partially explained 
by mycoplasmas intracellular location (Sethi et al. 2012). 


12.3.5 Capacity to Induce Host Immune Response 


The stimulation and suppression of host immune cells (lymphocytes, mono- 
cytes, and macrophages) through induction of cytokine production has signifi- 
cant role in pathogenesis. 


12.4 Epidemiology 


Genital mycoplasmas can be transmitted by direct contact between hosts, most 
commonly through genital-genital or oral-genital contact. 

Following puberty, Ureaplasma spp. and M. hominis can be isolated from the 
lower genital tract in many healthy sexually active adults, but there is evi- 
dence that these organisms play etiologic roles in some genital tract diseases 
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(Waites and Taylor-Robinson 2015). Ureaplasma spp. and M. hominis have been 
isolated from cervicovaginal specimens in up to 80% and up to 53% of women 
who are asymptomatic and sexually active, respectively. The incidence of each is 
somewhat lower in the urethra of males. Colonization/infection is linked to 
younger age, lower socioeconomic status, and sexual activity with multiple part- 
ners, African-American ethnicity, and oral contraceptive use (Waites et al. 2005). 
Recent study from a public health laboratory in Zagreb that investigated low-risk 
outpatients, reported Ureaplasma spp. incidence of 39.7% in women and 17.8% 
in men, and M. hominis incidence of 3.8% in women and 1.7% in men. M. geni- 
talium prevalence was much lower in this low-risk population (0.3% in women 
and 1.1% in men) and ranged between prevalence of Chlamydia trachomatis and 
Neisseria gonorrhoeae (Ljubin-Sternak et al. 2017a, 2017b). However, in those 
who attend sexually transmitted clinics in Seattle, M. genitalium was detected in 
14% of women and 9% of men (Wroblewski et al. 2006). 

Genital mycoplasmas can be also transmitted vertically from mother to off- 
spring, either at birth or in utero. Ureaplasma spp. and M. hominis can be trans- 
mitted from infected females to the fetus or neonate by at least three different 
routes: (i) ascending from lower genital tract to cause intrauterine infection and 
invade amniotic sac, (ii) hematogenous route through placental infection through 
involvement of the umbilical vessels, and (iii) through passage of an infected 
maternal birth canal. 

The rate of vertical transmission is 18-55% among infants born to colonized 
mothers (Waites et al. 2005). Neonatal colonization acquired during passage of a 
birth canal tends not to persist, and the proportion of infants who are colonized 
decreases quite rapidly as they get older. After puberty, colonization with genital 
mycoplasmas occurs primarily as a result of sexual contact. 


12.5 Clinical Presentation 


Genital mycoplasmas can cause disease of lower and upper urogenital tract both 
in men and women, and rarely extragenital clinical manifestation. There is a thin 
line between colonization and infection caused by these microorganisms, and 
the frequent occurrence of pathogenic species such as M. hominis and ureaplas- 
mas in the lower urogenital tract in healthy individuals has complicated our 
complete understanding of their disease-producing capabilities. Therefore, one 
of the main issue concerning genital mycoplasmas is clinically asymptomatic 
silent colonization by these bacteria, which are potentially pathogenic and may 
play a role in long-term consequences of urogenital tract infection both sexes. 


12.5.1 Urogenital Infections in Women 


12.5.1.1 Bacterial Vaginosis 

Detection of M. hominis is very strongly associated with bacterial vaginosis. 
Women with this syndrome not only have M. hominis in the vagina more often 
but also in much larger numbers than women who do not have bacterial vagino- 
sis. Although mycoplasmas are resistant to metronidazole, this antibiotic is often 
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effective in treating the disease and eliminating M. hominis, suggesting that 
M. hominis prospers in the milieu created by the other bacteria (i.e. Gardnerella 
vaginalis), and when this and other bacteria are eradicated, M. hominis is also 
eliminated (Taylor-Robinson 2017). The role played by ureaplasmas in the devel- 
opment of bacterial vaginosis is less well-defined, although they occur a little 
more frequently and in larger numbers in women with bacterial vaginosis than in 
those without the disease. Evidence for the association of M. genitalium with 
bacterial vaginosis is controversial; most of the studies report that M. genitalium 
does not play any role in the pathogenesis. 


12.5.1.2  Cervicitis 

M. genitalium has an independent role in causing cervicitis, with attributable 
risk of 70% showed by Manhart et al. (2003), suggesting that among the women 
with cervicitis and detected M. genitalium, 70% of cervicitis can be attributed to 
this pathogen. Moreover, it seems that M. genitalium is the only genital myco- 
plasma regarded as causing cervicitis (Lusk et al. 2016). M. genitalium has been 
isolated in up to 10% of women with cervicitis, cervical exudate, and elevated 
leukocyte counts. The correlation is as high as that related to C. trachomatis or 
N. gonorrhoeae (Hartmann 2009). There is a lack of association between M. hom- 
inis and ureaplasmas detection and cervicitis, and their role in pathogenesis of 
cervicitis is still unknown. However, recent study indicates that although there 
were no significant differences in detection of ureaplasmas in women with non- 
gonococcal, nonchlamydial cervicitis and control group, high quantities/bacte- 
rial load of Ureaplasma spp. in the cervix may be associated with this syndrome 
(Liu et al. 2014). 


12.5.1.3 Pelvic Inflammatory Disease (PID) and Its Sequalae 

PID is the clinical syndrome caused by spread of the microorganisms from the 
lower to the upper genital tract. Although PID has a polymicrobial etiology, 
C. trachomatis and/or N. gonorrhoeae are isolated from approximately one-third 
to one half of cases. However, there are more and more studies that associate 
M. genitalium with PID. In one study, with histologically confirmed acute endo- 
metritis, M. genitalium was present in 16% of endometrial biopsies (Manhart 
et al. 2003). Haggerty et al. (2008) demonstrated that the relationship between 
M. genitalium and endometritis was independent and causal, since among women 
without concurrent N. gonorrhoeae and/or C. trachomatis, a positive endome- 
trial polymerase chain reaction (PCR) test for M. genitalium was associated with 
over a thirteenfold risk of incident endometritis, assessed histologically 30 days 
following a baseline evaluation of M. genitalium. Bjartling et al. (2012) clearly 
demonstrated that M. genitalium is independently associated with PID as well as 
with cervicitis. There is no evidence that ureaplasmas cause PID and there is a 
little evidence to suggest that M. hominis does (Stacey et al. 1992). 

M. hominis has been isolated from the endometrium and fallopian tubes of 
about 10% of women with salpingitis diagnosed by laparoscopy, accompanied by 
a specific antibody response (Miettinen 1987), but the significance of this myco- 
plasma in pathogenesis of PID is difficult to assess due to its frequent coexisting 
with causative agents of bacterial vaginosis, which can alone lead to the PID 
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(Taylor-Robinson 2017). PID may result in long-term reproductive sequelae, 
including infertility, ectopic pregnancy, and chronic pelvic pain. 

Like C. trachomatis, M. genitalium is often asymptomatic, increasing the 
likelihood for “silent” PID and its sequelae. M. genitalium antibodies have been 
identified more frequently (22% vs. 6%) among women with tubal factor infer- 
tility compared to women nontubal factor infertility (Clausen et al. 2001). 
Several studies that investigated M. genitalium detection in endocervical canal 
of infertile women using PCR, although have shown higher incidence in infer- 
tile group compared to control group, failed to demonstrate statistically signifi- 
cant association (Grzesko et al. 2009; Alfarraj and Somily 2017). Contrary to 
this, study of Rajkumari et al. (2015) showed clear association of M. genitalium 
infection and infertility and suggests routine screening of this pathogen in 
patients with infertility. 

Akin to this, considerable prevalence of M. hominis and U. urealyticum in the 
high vaginal swab samples of infertile females compared to the low prevalence in 
fertile females may suggest that these two pathogens can be cause of an infertility 
(Seifoleslami et al. 2015), but the other recent study did not observe the potential 
negative effect of M. hominis and ureaplasmas on the reproduction ability of 
women investigated (Sleha et al. 2016). 


12.5.1.4 Infections in Pregnancy 

The genital mycoplasmas have been implicated in several adverse outcomes of 
pregnancy with spontaneous preterm labor and preterm birth as the most com- 
mon ones. Ureaplasmas induce cytokines and inflammation, making a casual 
association with poor pregnancy outcomes unquestionable. Ureaplasmas were 
isolated more frequently from spontaneously aborted fetuses, stillbirths, or pre- 
term infants than from induced abortions or normal full-term infants. However, 
bacterial vaginosis as a possible confounding factor must be considered when 
association between ureaplasmas and adverse pregnancy outcome is investi- 
gated (Taylor-Robinson and Lamont 2011). There are also controversial findings 
considering which species of Ureaplasmas (U. urealyticum vs. U. parvum) is 
more important in causing the miscarriage. Based on limited and conflicting 
information, it is unwise to consider U. urealyticum as pathogenic and U. par- 
vum as not, or vice versa (Taylor-Robinson 2017). Existence of M. hominis in 
large numbers in the absence of bacterial vaginosis is rare and, consequently, 
they alone in small numbers probably have no impact on the immediate outcome 
of pregnancy (Taylor-Robinson 2017). However, the vaginal presence of M. hom- 
inis together with other abnormal vaginal flora, such as bacterial vaginosis or 
coinfection with ureaplasmas, seems to enhance the risk of adverse pregnancy 
outcome (Donders et al. 2017). 

Although older studies failed to show association between M. genitalium and 
adverse pregnancy outcome, its role in pathogenesis of chorioamnionitis and 
preterm birth is elucidated by recent meta-analysis that revealed an unequivocal 
doubling of the risk for preterm birth and spontaneous abortion (Lis et al. 2015). 
Furthermore, studies recognize M. genitalium association with adverse preg- 
nancy outcome to be independent for the presence of co-infection with C. tra- 
chomatis, N. gonorrhoeae, or bacterial vaginosis (Donders et al. 2017). 
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12.5.2 Urogenital Infections in Men 


12.5.2.1 Nongonococcal Urethritis (NGU) 

M. genitalium was initially grown in culture medium from men with acute NGU 
(Tully et al. 1981). Since the introduction of nucleic acid amplification tests 
(NAATs), M. genitalium, which is difficult to grown, has been increasingly iden- 
tified in in the genital tract of patients with urethritis. Further numerous studies 
in which diagnosis of urethritis was made by microscopy, M. genitalium has been 
strongly and almost uniformly associated with acute NGU. Results from a meta- 
analysis of 19 studies on patients with NGU showed that M. genitalium was 
found in 21% compared with 7% of patients without NGU (Jensen 2004). It is 
noteworthy that the association between M. genitalium and disease is even 
stronger for acute nonchlamydial NGU, with the mycoplasma being found in 
more than one-third of men with such disease (Taylor-Robinson and Jensen 
2011). M. genitalium has also produced urethritis in nonhuman primates. 

After M. genitalium, U. urealyticum were the second most common genital 
mycoplasma detected by NAATs in men with acute nonchlamydial NGU (Ito 
et al. 2016). Since the amplification technique has been used to distinguish 
between U. urealyticum and U. parvum in most studies U. urealyticum has been 
implicated in NGU whereas U. parvum has not been implicated in this manner 
(Povlsen et al. 2002; Deguchi et al. 2004). However, the data regarding implica- 
tion of U. parvum in NGU is still controversial, and recent study of Cox et al. 
(2016) demonstrated association of U. parvum and NGU, but not with U. urea- 
lyticum. Furthermore, ureaplasmas can be isolated from asymptomatic patients, 
which complicates the conclusion. Evidence that M. hominis causes NGU is lack- 
ing, and numerous studies have isolated M. hominis independently of symptoms 
(Hartmann 2009, Waites and Taylor-Robinson 2015). 


12.5.2.2 Epididymitis and Prostatitis 
Acute epididymitis is often associated with urethritis, and M. genitalium and 
U. urealyticum are considered as pathogens of urethritis. Ureaplasmas have been 
isolated from an epididymal aspirate from a patient suffering from acute 
epididymo-orchitis accompanied by a specific antibody response and could be 
an infrequent cause of the disease (Jalil et al. 1988). 

Detection of M. genitalium in a few patients during an antibiotic trial indicated 
that M. genitalium may be also a cause of acute epididymitis in some patients. 

U. urealyticum, M. hominis, and M. genitalium were detected in in expressed 
prostatic secretion of substantial proportion of patients with chronic prostatitis 
(Choi et al. 2013). Another study also showed that M. genitalium was prevalent 
in the patients with prostatitis, particularly in those who received ineffective 
antibiotic treatment for the bacterium, and was identified as having a significant 
association of prostatitis (Mo et al. 2016). 


12.5.2.3 Infertility 

Recent meta-analysis that analyzed the five case-control studies among the 
included articles investigated the prevalence of urogenital mycoplasmas in both 
fertile and infertile men found the prevalence of these bacteria is significantly 
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higher in the case group (infertile men) compared with that in the control group 
(fertile men). The highest pooled prevalence among urogenital mycoplasma spe- 
cies in men belonged to M. hominis followed by U. urealyticum, and the lowest 
was the pooled prevalence of M. genitalium (Ahmadi et al. 2016). Another study 
of Ahmadi et al. (2017) suggests that asymptomatic infection caused by M. homi- 
nis is correlated with male infertility, and antibiotic therapy can improve the 
semen quality and fairly treat the male infertility. 

Study of Zeighami et al. (2009) indicated that U. urealyticum species is more 
common in specimens of infertile men, and the percentage of normal sperm 
cells, the volume of semen and the percentage of sperm cells with motility in the 
PCR positive for U. urealyticum species group were lower than in the PCR posi- 
tive for U. parvum group. Consistent with the above-mentioned studies, results 
of the meta-analysis performed by Huang et al. (2015) indicated that U. parvum 
and M. genitalium are not associated with male infertility. 


12.5.3 Rare Manifestations and Clinical Features 
in Immunocompromised Persons 


12.5.3.1 Urinary Calculi 

Ureaplasma spp. have been cultured directly from renal stones, and these organ- 
isms have been significantly more often isolated from voided urine of patients 
with metabolic stones, compared to patients with infection stones (13% vs. 30%). 
This observation strongly suggests that Ureaplasma spp. are associated to the 
formation of infection stones in the urinary tract, mediated by urease activity 
(Grenabo et al. 1988). 


12.5.3.2 Systemic Infection and Arthritis 

Genital mycoplasmas can cause invasive disease of the joints as a result of dis- 
semination from the genital tracts in immunosuppressed persons. Several myco- 
plasmal species, including M. fermentans and U. urealyticum have been detected 
mainly by a PCR assay in synovial fluid of persons with rheumatoid arthritis and 
other arthritides, although the precise contribution of these organisms in patho- 
genesis of these disease unknown. In addition, M. genitalium was detected in the 
joints of 2 of 13 patients with arthritis (one with Reiter's disease and one with 
rheumatoid arthritis) (Taylor-Robinson et al. 1994). 


12.5.3.3 Infection in Immunocompromised Patients 
Suppressed cell-mediated immunity or antibody deficiency may promote myco- 
plasmal infections at extragenital site and/or their dissemination. M. hominis 
and the ureaplasmas have been implicated in infections of vascular system, ster- 
nal wounds, central nervous system, joins, and respiratory tract after immuno- 
suppressive therapy and after organ transplantation (Totten et al. 2008). 
Additionally, several reports have been described the dissemination of M. fer- 
mentans in AIDS patients (Ainsworth et al. 2000). 

An association between M. genitalium and HIV infection has been found 
(Napierala Mavedzenge and Weiss 2009). M. genitalium can be found more 
frequently at both urethral and rectal sites of HIV-positive homosexual men 
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than those who are HIV negative (Soni et al. 2010). Moreover, M. genitalium 
cervicitis occurs more often in HIV-positive than in HIV-negative women 
(Lusk et al. 2011). 

Several studies have observed that mycoplasmas stimulate HIV replication in 
vitro and might be a cofactor in the progression of disease, which leads to the 
hypothesis that mycoplasmas, particularly M. fementans, could enhance the pro- 
liferation of HIV in vivo (Chowdhury et al. 1990; Sasaki et al. 1993; Shimizu et al. 
2004). However, this hypothesis was not supported by studies on HIV-positive 
patients (Katseni et al. 1993), wherefore Totten et al. (2008) concluded that 
mycoplasmas are instead opportunists that can proliferate among subjects suf- 
fering from immunosuppression mediated by HIV rather than being a cofactor 
in development of the disease. 


12.6 Laboratory Diagnosis 


12.6.1 Specimen Collection 


The most common specimens from urogenital tract are swabs (urethral, vagi- 
nal, and cervical). Dacron or polyester swabs with aluminum or plastic shafts 
are preferred because wooden shaft cotton swabs may have potential inhibi- 
tory effects. Mycoplasmas are extremely sensitive to adverse environmental 
conditions, particularly dryness and heat, and they cannot survive outside the 
host for a long period. Therefore, swabs should be transported in transport 
media (e.g. 2SP - sucrose phosphate medium with 10% fetal calf serum, com- 
mercially prepared growth liquid media or universal transport media (UTM), 
Copan Diagnostics). Tissue from biopsy — including placenta, endometrium, 
menstrual tissue, and urinary calculi — can also be used (Michou et al. 2014). If 
the storage time of the specimens to be shipped is likely to exceed 24 hours 
prior to processing, the specimens must be frozen in transport medium at 
-80 °C to prevent loss of viability and to minimize bacterial overgrowth (Waites 
and Taylor-Robinson 2015). 

First-voided urine for men and self-obtained vaginal swab for women are non- 
invasive alternatives to urethral and cervical swabs for diagnosing genital myco- 
plasmas when molecular techniques are used (Jurstrand et al. 2005; Wroblewski 
et al. 2006). Additionally, molecular detection methods do not require a viable 
microorganism, which is why strict storage and transport conditions are not 
required, and prolonged transport on room temperature in adequate medium 
such as medium for liquid cytology (i.e. ThinPrep, Hologic) is acceptable (Kim 
et al. 2015). Collection of a single specimen that can be used for cytology and 
molecular microbiology analysis is an additional advantage of performing the 
molecular microbiology methods. 


12.6.2 Culture Methods 


Culture is appropriate for species that can be isolated easily and rapidly from 
clinical specimens, such as M. hominis and Ureaplasma spp., but it is not suitable 
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for detection of fastidious and/or extremely slow-growing organisms such as M. 
genitalium. Growth rates in culture medium vary among individual species, with 
generation times of approximately 1 hour for Ureaplasma spp. and 16 hours for 
M. genitalium (Jensen et al. 1996). Culture is labor-intensive and time consum- 
ing, as it entails the use of an enrichment broth for up to seven days, followed by 
subculturing onto solid media. Agar plates should be examined, using a stereom- 
icroscope at a magnification of x20 to x60, daily for Ureaplasma spp., and at 
1- to 3-day intervals for M. hominis. Ureaplasma spherical colonies are 15-60 pm 
in diameter and can be identified on A8 agar by urease production in the pres- 
ence of indicator contained in the medium. M. hominis colonies are larger, up to 
110m in diameter, urease negative, and often have the typical fried-egg appear- 
ance (Figure 12.1). The development of commercially available diagnostic assays, 
which are based on liquid broth cultures, provides faster and more user-friendly 
alternatives to conventional culture methods for the detection of genital myco- 
plasmas. Enriched liquid broth that contains urea, arginine, and phenol red indi- 
cator is observed for eventual changes of the color, and allows subculture to solid 
media with subsequent recovery and identification of both M. hominis and 
Ureaplasma spp. (Redelinghuys et al. 2013). There are also some kits that com- 
bine detection, identification, and susceptibility testing using the broth micro- 
dilution technique (Mycoplasma IST2, BioMérieux). It is noteworthy that 
U. urealyticum cannot be distinguish from U. parvum and vice versa based on their 
morphology or metabolic properties, and upon isolation ureaplasmas should be 
referred to as Ureaplasma spp. Development of molecular techniques based on 
PCR allowed the identification of species, and pulsed-field gel electrophoresis 
has been used to determine the size of their genome, so this technique can detect 


Figure 12.1 Colonies of Mycoplasma hominis and Ureaplasma spp. growing on A8 agar 
after 72 hours of incubation as they appear under 100x magnification. Colony of 

M. hominis demonstrate a characteristic fried-egg appearance, while colonies of 
Ureaplasma spp. are twice smaller and uniformly blurred. (Source: photograph kindly 
provided by Peter Senji, MD). (See color plate section for the color representation of this figure.) 
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differences within serotypes. In addition, matrix-assisted laser desorption 
ionization—-time of flight mass spectrometry (MALDI-TOF MS) has now been 
applied by Pereyre et al. (2013) for the identification and subtyping of human 
mycoplasmas. 

Given the fastidious nature of M. genitalium, culture of this organism is 
extremely difficult. Although Jensen et al. (1996) have developed improved 
methods for isolation of M. genitalium from clinical specimens, the method is 
labor-intensive and time-consuming (it may take up to a year to achieve single- 
colony isolation on artificial media), which makes it not applicable for routine 
diagnostic purposes. 


12.6.3 Molecular Methods 


NAATSs are particularly important for diagnosis of microorganism that cannot 
be proven using traditional methods — culture and serology. PCR systems have 
been developed for all the clinically important genital mycoplasma. Conventional 
PCR methods can take two to three days, which make a real-time PCR assays 
are now the preferred PCR method for detection of genital mycoplasmas. 
Advantages of real-time PCR over the traditional PCR techniques include not 
only rapid turnaround time, but also less handling of PCR product, and improved 
diagnostic sensitivity. Moreover, possibility of real-time PCR to provide quanti- 
tative data to determine the bacterial load may be important for interpretation 
of results for organisms that are known to colonize asymptomatic people 
(Waites et al. 2012). 

For M. genitalium detection, several PCR assays targeting different portions 
of MgPa adhesin gene, 16S rRNA gene, and the glyceraldehyde-3-phosphate 
dehydrogenase (gap) gene have been developed (Jensen et al. 1991; Yoshida 
et al. 2002; Svenstrup et al. 2005). In addition to the qualitative PCR assays for 
M. genitalium detection, quantitative PCR assays have been introduced, thereby 
allowing the investigation of the association of M. genitalium organism burden 
with clinical signs and symptoms (Svenstrup et al. 2005). Development of 
another NAAT, a transcription mediated amplification (TMA) assay for detec- 
tion of M.genitalium allowed the comparison of two different NAATs that use 
completely different techniques (PCR vs. TMA), targets (16S rRNA vs. MgPa 
gene DNA), and nucleic acids (DNA vs. RNA). The high concordance of TMA 
with PCR assays was found and specificity of each of these assays was >99% 
(Wroblewski et al. 2006). 

PCR assays can be used to detect as well as identify individual Ureaplasma 
species. Conventional and real-time PCR assays target sequences of 16S rRNA 
and 16S rRNA-235 rRNA intergenic spacer regions, the urease gene, and MBA 
(Kong et al. 2000). 

PCR assays for M. hominis mainly target the 16S rRNA gene, but other assay 
targeting gap, fstY, and yidC genes have also been developed (Baczynska et al. 
2004; Ferandon et al. 2011). 

Molecular technology also enables simultaneous detection of more than one 
microorganism. Multiplex real-time PCR was found to be an equivalent or supe- 
rior modality for the diagnosis of sexually transmitted infections. 


245 


246 | Diagnostics to Pathogenomics of Sexually Transmitted Infections 


(a) = (b) 7 
- -e N sp) t 1O y= y= N oy Tt 
x< < < < < < x< < < < < 
b] © € € € SG © b] © €&€ F&F € 8 
872 et et aa js 872 — — — 
603 603 
281 281 
234 aes 234 
194 194 
118 118 
72 72 


Figure 12.2 Gel image of electropherogram of a single and dual infections detected by 
multiplex PCR test (Seeplex STD6, Seegene) which detect Chlamydia trachomatis, Neisseria 
gonorrhoeae, Trichomaons vaginalis, Mycoplasma hominis, Mycoplasma genitalium, and 
Ureaplasma urealyticum: (a) (1)X1-ladder; (2) A1-410 bp/M. genitalium positive sample; 
(3)A2-130 bp/U. urealyticum positive sample, (4)A3-502 bp/M. hominis positive sample; 
(5)A4 -positive control =981 bp/internal PCR control, 647 bp/T. vaginalis, 502 bp/M. hominis, 
410 bp/M. genitalium, 315 bp/C. trachomatis, 214bp/N. gonorrhoeae, 130 bp/U. urealyticum; 
(6)A5- negative control (a) (1)X1-ladder; (2) A1-502 bp/M. hominis and 130 bp/U. urealyticum 
positive sample; (3)A2-315 bp/C. trachomatis and 130 bp/U. urealyticum positive sample; 
(4)A3 -positive control = 981 bp/internal PCR control, 647 bp/T. vaginalis, 502 bp/M. hominis, 
410 bp/M. genitalium, 315 bp/C. trachomatis, 214 bp/N. gonorrhoeae, 130 bp/U. urealyticum; 
(5)A4- negative control. (See color plate section for the color representation of this figure.) 


Multiplex PCR-based systems for detection of M. genitalium, M. hominis, and 
ureaplasmas as well as the other common sexually transmitted pathogens (i.e. 
C. trachomatis, N. gonorrhoeae, and T. vaginalis) are available as kits in European 
countries by multiple companies using various formats and instrument plat- 
forms (Figure 12.2). Even more, sexually transmitted infection profiling assay 
that detects 18 sexually transmitted infections (among them M. genitalium, 
M.hominis, M. spermatophilum, U. urealyitcum, and U. parvum) using a multi- 
plex PCR followed by Luminex bead-based hybridization has been described 
with an overall concordance of 95—100% with commercially available quantita- 
tive PCR tests (Schmitt et al. 2014). 


12.6.4 Serology 


Serological test methods for Ureaplasma spp., M. hominis, and M. genitalium 
include enzyme immunoassay, microimmunofluorescence, and metabolism inhi- 
bition, but the presence of these microorganisms in healthy people makes the 
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interpretation of antibody titers against them challenging and the methods not 
applicable in diagnosing the acute infection. Additionally, the interpretations of 
the serologic tests for M. genitalium were hampered by cross-reactivity with 
Mycoplasma pneumoniae (Taylor-Robinson et al. 1983). However, serology is 
valuable in epidemiological studies and in research assessing the long-term 
consequences of mycoplasmas infection such as PID and tubal factor infertility. 
M. genitalium serologic test based on extracted lipid-associated membrane 
protein without evident cross-reactivity has been developed and this method is 
currently used in most serological evaluations of tubal disorders and PID caused 
by this microorganism (Jurstrand et al. 2007). Anyway, no serologic tests for gen- 
ital mycoplasmas have been standardized and made commercially available for 
diagnostic use, so they cannot be recommended for routine diagnostic purposes 
(Waites and Taylor-Robinson 2015). 


12.7 Treatment 


Mycoplasmas are resistant to all B-lactams (penicillins, cephalosporins, karabap- 
enems, and monobactams) as well as to glycopeptide antibiotics (both groups of 
antibiotics interfere in the synthesis of peptidoglycan) due to the lack of a cell 
wall (Table 12.3). Mycoplasmas are also innately resistant to rifampicin, sulfona- 
mides and trimethoprim, (Taylor-Robinson and Bébéar 1997). Resistance to 
macrolides and lincosamides is variable according to species, with M. hominis 
being resistant to erythromycin and other 14- and 15-membered macrolides but 
susceptible to clindamycin (Waites and Taylor-Robinson 2015) (Table 12.3). The 
antimicrobial susceptibility of genital mycoplasmas to various antibiotics is 
shown in Table 12.1. 


Table 12.3 General trends of genital mycoplasmas drug susceptibility. 


M. hominis Ureaplasma spp. M. genitalium 
Penicillins - - - 
Rifamycins - - - 
Linezolid - - - 
Doxycycline + + + 
Erythromycin - + + 
Azithromycin - + + 
Solithromycin + + + 
Clindamycin + - + 
Ofloxacin + - - 
Ciprofloxacin + - - 
Levofloxacin + + + 
Moxifloxacin + + + 


+ sensitive; +, moderately, or weekly sensitive; — insensitive; 
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Tetracyclines are effective against many strains of M. hominis, while approxi- 
mately 10% of ureaplasmas are resistant to tetracyclines, with a substantial 
proportion of these strains exhibiting cross-resistance to erythromycin (Taylor- 
Robinson and Bébéar 1997). High rate (>50%) of resistance to quinolones 
(ofloxacin and ciprofloxacin) has been reported for Ureaplasma spp., which 
increased significantly from 2005 (Song et al. 2014). M. genitalium is relatively 
resistant to tetracyclines (cure rate less than 60%), but is still sensitive to mac- 
rolides and some fluoroquinolones (Wikström and Jensen 2006) (Table 12.3). 
Fluoroquinolones (particularly fourth-generation moxifloxacin) remain very 
effective against genital mycoplasmas, but resistance patterns show an increas- 
ing tendency. Acquired resistance to macrolides of these species is associated 
with mutations in the 23S rRNA gene, while resistance to tetracyclines is 
related to the presence of the mobile tet(M) genetic element (Mardassi et al. 
2012). Mutations in the quinolone resistance-determining regions of the genes 
encoding DNA gyrase and/or topoisomerase IV contribute to quinolone resist- 
ance (Yamaguchi et al. 2013). 

According to this, M. hominis and ureaplasmas usually respond to tetracycline 
therapy, but treatment has been known to fail in treatment of diseases caused by 
M. genitalium. For M. genitalium infection, current guidelines recommend 1g of 
azithromycin as the first-line treatment. Azithromycin has a cure rate of 85-95% 
in macrolide susceptible infections. An extended course appears to have a higher 
cure rate, so therapy of M. genitalium infection should be attempted with an 
initial dose of 500mg azithromycin followed by 250 mg azithromycin for 4 days 
(Jensen et al. 2016). Moxifloxacin is used as a second-line drug due to its remark- 
able efficacy, however, elimination rate of moxifloxacin for M. genitalium infec- 
tion has decreased from 100% to 89% since 2010 (Li et al. 2017). Moreover, in 
Japan and Australia, multidrug-resistant M. genitalium infections (resistant to 
tetracycline, macrolide, and fluoroquinolone) are reported with increasing fre- 
quency, which raises concern regarding future treatment options of this infec- 
tion (Braam etal. 2017). For practical purposes, it is very important to differentiate 
between treatment failure and reinfection, so a timely test of cure (TOC) is war- 
ranted. Pretreatment mutation analysis for macrolide is recommended, and 
when a wild type is verified, TOC performed one week after initiation of treat- 
ment is suggested (Gossé et al. 2016). 


12.8 Prevention and Control 


Since genital mycoplasmas are primarily transmitted by sexual contact, standard 
precaution measures for safe sexual intercourse (i.e. condom use) will prevent 
the colonization/ infection. To prevent adverse pregnancy outcomes, it is rea- 
sonable to screen, detect, and treat genital mycoplasmas in pregnancy, or even 
better, bacterial vaginosis, in which M. hominis is linked, as are ureaplasmas to a 
lesser extent, using antibiotics active against a range of microorganisms. 

M. genitalium infection should always be treated. Special attention should 
be given to the treatment of PID, especially those conditions persisting after stand- 
ard regimen of therapy, due to current CDC recommendation for PID treatment 
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does not include drugs for M. genitalium infection (Duarte et al. 2015). Since a 
high proportion of M. genitalium infections is asymptomatic, to prevent long-term 
consequences, screening in high-risk population should be considered (i.e. those 
with other sexually transmitted disease detected) (Ljubin-Sternak et al. 2017a, 
2017b). However, the cost-effectiveness of such a procedure must be considered, 
as the prevalence of M. genitalium in the general population is relatively low. 
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13.1 Introduction 


Bacterial vaginosis (BV) is one of the most common vaginal disorders affect- 
ing women of reproductive age, being associated with serious health compli- 
cations (reviewed by Jung et al. 2017). This condition is characterized by 
disruption of the vaginal microenvironment, resulting in a reduction of lactic 
acid—producing bacteria and an overgrowth of strict or facultative anaerobic 
bacteria such as Gardnerella spp., Atopobium spp., Prevotella spp., Eggerthella- 
like bacterium or Mobiluncus spp., as well as other taxa such as Clostridium, 
Megasphera spp., or Leptotrichia spp. (Fredricks et al. 2005). The cause of BV 
is still a matter of debate, and two main hypotheses have been formulated. The 
first hypothesis highlights the polymicrobial state of this disease, which 
concludes that BV is caused by a mixture of pathogenic bacteria, principally 
anaerobic species (Hill 1993). The second hypothesis supports the idea that a 
single pathogenic species, in many cases Gardnerella vaginalis, is the etiologi- 
cal agent of BV, being generally transmitted through sexual contact (Schwebke 
et al. 2014). Both hypotheses have compelling and opposing evidence 
(reviewed by Srinivasan and Fredricks 2008), and it has been proposed that 
this might be the result naming BV a different set of etiological conditions 
with similar symptoms (Cerca et al. 2017). In this book chapter, we will focus 
on the evidence related to G. vaginalis mediated BV. This condition was first 
described in 1955 by Gardner and Dukes (1955) as “Haemophilus vaginalis 
vaginitis,” being also suggested that it is a sexually transmitted disease (STD) 
as the isolated etiological agent, H. vaginalis (renamed now as G. vaginalis), 
was found in the male contacts of the female cases. 

The role of sexual activity in development of incident and recurrent BV is also 
under debate — specifically, whether the etiological agent(s) of BV is transmitted 
through sexual activity or whether sexual activity disturbs the normal vaginal 
microenvironment leading to this vaginal dysbiotic condition (Mitchell et al. 
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2011). Therefore, until the cause of BV is identified, women should be aware of 
all types of penetrative sexual activity, as well as other risk factors that may affect 
the vaginal microbiota in a way that could increase the occurrence of BV. 


13.2 Implication of G. vaginalis in Bacterial Vaginosis 


Gardnerella vaginalis is a facultative anaerobic coccobacillus that has a Gram- 
positive cell wall structure that consists mainly of amino acids such as alanine, 
glutamic acid, glycine, lysine, serine, and aspartic acid (Harper and Davis 1982). 
Although the cell wall is Gram-positive in its ultra-structural characteristics and 
chemical composition, G. vaginalis stains as a Gram-negative bacterium because 
its cell wall is very thin, being unable to retain the crystal violet-iodine aggregates 
(Sadhu et al. 1989). 

In 1953, Leopold, a US Army captain, was the first who isolated and described 
a small, nonmotile, nonencapsuled, rod-shaped bacterium from cervical swabs 
of women with cervicitis and men with prostatitis (Leopold 1953). Two years 
later, Gardner and Dukes isolated the microorganism found by Leopold in 
women with nonspecific vaginal infections, and related to its origin, named the 
microorganism as H. vaginalis (Gardner and Dukes 1955). Later, in 1980, because 
of the appeared criticism regarding the genus of the H. vaginalis, Greenwood and 
Picket (1980) using various biochemical methods, like DNA-DNA hybridiza- 
tion, biochemical analysis of the cell wall, and electron microscopy, have shown 
that H. vaginalis did not belong to the genus Haemophilus, renaming it G. vagi- 
nalis, in honor of Gardner, who had first stated the association between this bac- 
teria and nonspecific vaginitis. 

In 2005, Swidsinski et al. found that a prominent feature of BV was the pres- 
ence of a dense biofilm composed of confluent G. vaginalis with other bacterial 
groups incorporated in the adherent layer on the vaginal epithelium. A few years 
later, it was demonstrated that G. vaginalis had the highest virulence potential, as 
defined by higher initial adhesion to epithelial cells, cytotoxic activity, and a 
greater ability to form a biofilm than other bacterial species isolated from patients 
with BV (Patterson et al. 2010; Alves et al. 2014). This observation has led several 
researchers to propose that G. vaginalis is the first species able to attach in high 
numbers to the vaginal epithelium and then become a scaffold to other anaer- 
obes (Verstraelen and Swidsinski 2013; Schwebke et al. 2014; Machado and Cerca 
2015; Patterson et al. 2015). However, G. vaginalis can also be found in the 
healthy vaginal microbiome, without initiating the development of the harmful 
biofilm related to BV condition (Fredricks et al. 2007; Srinivasan et al. 2012). It 
has been proposed, that non-BV associated G. vaginalis strains do not possess 
the same virulence potential as BV-associated isolates (Machado and Cerca 
2015), and this might be the result of distinct subspecies of even distinct 
Gardnerella species. 

The first evidence of diversity within G. vaginalis came from Piot et al. (1984), 
who developed a simple and reproducible scheme for identifying biotypes of 
G. vaginalis based on reactions for lipase, hippurate hydrolysis, and 
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beta-galactosidase. Among a total of 359 strains tested, the authors observed 
eight biotypes, the most common ones being types 1 (beta-galactosidase posi- 
tive, lipase positive, hippurate positive), 2 (beta-galactosidase negative, lipase 
positive, hippurate positive), and 5 (beta-galactosidase negative, lipase negative, 
hippurate positive). They also observed no significant difference in the distribu- 
tions of G. vaginalis biotypes from patients with and without BV (Piot et al. 
1984). However, two years later, Benito et al. (1986), by using a modified biotyp- 
ing scheme that besides hippurate hydrolysis, beta-galactosidase and lipase 
activity included also carbohydrate fermentation, identified 17 biotypes among 
197 strains from asymptomatic women and patients with BV, being six of those 
biotypes more frequently found in women with BV. Subsequently, a few years 
later, Briselden and Hillier (1990) have shown that the lipase-positive biotypes 
(biotypes 1, 2, 3, and 4) are more predominant in women with nonspecific vagi- 
nitis. Moreover, they also suggested that the presence of G. vaginalis after treat- 
ment is not associated with treatment failure, but with acquisition of a new 
biotype of G. vaginalis as a result of reinfection. 

The diversity of G. vaginalis has been also highlighted by genomic studies. 
Therefore, Harwich et al. (2010) sequenced the genomes of a strain of G. vagi- 
nalis from a healthy woman, and one from a woman with BV, performing com- 
parative analysis of those two genomes. The analysis revealed significant 
divergence and in vitro studies indicated disparities in the virulence potential 
of the two strains. In addition, the BV-associated strain encoded a different 
variant of a biofilm-associated protein (BAP) gene and demonstrated higher 
adherence, aggregation, and biofilm formation. Furthermore, in the same year, 
Yeoman et al. (2010) performed the genome sequencing and comparative anal- 
yses of three strains of G. vaginalis — two of them being isolated from the vagi- 
nal tracts of women with symptomatic BV, while the third was isolated from a 
healthy, asymptomatic patient with a Nugent score of 9 (Nugent et al. 1991). 
The genomic differences found by authors were translated to differences in 
metabolic potential. Thus, all three strains were equipped with significant 
virulence potential, including genes encoding vaginolysin (a cholesterol- 
dependent cytolysin family toxin encoded by viy), pili for cytoadhesion, exopol- 
ysaccharide (EPS) biosynthetic genes for biofilm formation, and antimicrobial 
resistance systems. All three G. vaginalis strains possessed a great number of 
genes that might increase their ability to compete with and exclude other vagi- 
nal colonists: up to six toxin-antitoxin systems and up to nine additional anti- 
toxins lacking cognate toxins. All three strains encoded bactericidal toxins, 
including two lysozyme-like toxins produced uniquely by strain isolated from 
healthy, asymptomatic woman. Also, these authors discovered that BV isolates 
encoded numerous proteins not found in strains isolated from women with 
asymptomatic BV that likely increased their pathogenic potential, particularly 
enzymes enabling mucin degradation, a trait previously described to strongly 
correlate with BV. 

Biotyping and genotyping studies have also been complemented with 
functional microbiological studies. Thus, more recently, in an effort to better 
understand the differences between G. vaginalis isolated from women with a 
positive versus negative diagnosis of BV, Castro et al. (2015) compared the 
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virulence potential of 7 BV and 7 non-BV G. vaginalis isolates and assessed 
the virulence factors related to biofilm formation, specifically: initial adhesion 
and cytotoxic effect, biofilm accumulation, susceptibility to antibiotics, and 
transcript levels of vaginolysin and sialidase genes. Also, these authors deter- 
mined the ability of G. vaginalis species to displace lactobacilli previously 
adhered to HeLa cells. Therefore, they found that BV strains were more viru- 
lent than non-BV isolates, as suggested by the greater ability to adhere to epi- 
thelial cells, and higher cytotoxicity score. Significant differences were also 
found in the expression of the tested genes. Moreover, researchers demon- 
strated that BV isolates were able to induce displacement of pre-adhered vagi- 
nal protective lactobacilli, and they hypothesized this to be a trigger for BV 
development. 


13.3 Epidemiology and Risk Factors 


Despite multiple studies and appreciable evidence suggesting that BV may be 
sexually transmitted, this hypothesis has not yet been universally accepted 
(Muzny and Schwebke 2016). The first evidence for sexual transmission 
comes from a study conducted among healthy women who developed BV 
after being inoculated with vaginal secretions from women presenting this 
condition (Gardner and Dukes 1955). In this regard, several studies have 
described many sexual risk factors that are related to BV. Therefore, women 
are more probable to have BV if they: have a new sexual partner (Schwebke 
and Desmond 2005), report a high number of lifetime sexual partners 
(Nilsson et al. 1997), were at young age on coitarche (Verstraelen et al. 2010), 
use oral contraception instead of condom (Silva et al. 2013), or identify them- 
selves as commercial sex workers (Schwebke 2005). Additionally, other risk 
factors have been identified to be associated with BV, although with a lower 
degree, including history of pregnancy, cigarette smoking, or antibiotic treat- 
ment (Schwebke and Desmond 2005). Douching has also been found to be 
associated with BV (Ness et al. 2002; Schwebke et al. 2004), but more fre- 
quently among women with already imbalanced microbiota (Hutchinson 
et al. 2007), suggesting that douching may be a cofactor in the development 
of BV, and probably not the initiating factor of this condition (Muzny and 
Schwebke 2016). Also, epidemiologic factors more related to minority popu- 
lations, such as socioeconomic status and psychosocial stress (Paul et al. 
2008), nutritional factors (Neggers et al. 2007), or education level (Allsworth 
and Peipert 2007; Dai et al. 2010; Li et al. 2014) have been shown to be associ- 
ated with high rates of BV. 

Although BV presents a close relationship with sexual behavior, BV epidemiol- 
ogy has challenged the traditional STD transmissibility model in many ways, and 
in this case an alternative infectious disease model emerged, in which BV may be 
referred to as a sexually enhanced rather than a sexually transmitted disease 
(Verstraelen 2008). Therefore, there are two mechanisms that support this alter- 
native model. 
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The first mechanism suggests that unprotected sexual intercourse alters the 
physico-chemical vaginal environment, thereby also affecting the vaginal micro- 
biota (Verstraelen et al. 2010). Especially, it has been shown that the vaginal pH 
increases in the presence of the alkaline prostatic content of the ejaculate and 
remains elevated up to eight hours after coitus (McGregor and French 2000). 
Anaerobes grow best at a higher pH (Greenwood and Pickett 1980; Shah and 
Collins 1990). Condom use should be expected to be a very effective prevention 
method — but it is not. Thus, the proposed mechanism does not explain why BV 
acquisition is almost equally enhanced by protected intercourse in some cases 
(Verstraelen et al. 2010). 

A second alternative mechanism is that vaginal penetration somehow pro- 
motes the transfer of perianal, perineal, and perivulvar bacteria to the vagina, 
thereby possibly inducing BV in some women (Verstraelen et al. 2010). A criti- 
cal factor, related to the above-mentioned mechanisms, is considered the fre- 
quency of intercourse (Vallor et al. 2001), probably because the vaginal 
microbiota do not have time to restore after the coital act (Verstraelen et al. 
2010). Additionally, it was found that in monogamous heterosexual couples 
having the female partner with BV, the presence of BV-associated taxa in 
penile skin and urethral microbiota of the male partner is common, being sug- 
gested that exchange of BV-like microbiota occurs between partners in those 
couples in which the woman has BV (Liu et al. 2015; Zozaya et al. 2016). 
Moreover, studies about lesbian women suggest that BV appears to be com- 
mon in this population, being transmitted during sexual encounter through 
exchange of infected vaginal fluid (Evans et al. 2007; Bradshaw et al. 2014; 
Vodstrcil et al. 2015). 


13.4 Pathogenesis and Immunity 


The innate immune system is the most primitive and evolutionarily conserved 
arm of the immune system (Witkin et al. 2007). It identifies pathogen-associated 
molecular patterns that are conserved molecular structures shared by large 
groups of microbial agents (Janssens and Beyaert 2003). Consequently, recogni- 
tion of microorganisms by the innate immune system represents the initial trig- 
ger for a successful antimicrobial immune defense (Witkin et al. 2007). A group 
of proteins (transmembrane proteins) named toll or toll-like receptors (TLRs) 
are components of this system and have been demonstrated that they play an 
important role both in the recognition of bacterial pathogens, leading to the acti- 
vation of specific signaling pathways and target gene expression, as well as in the 
initiation of immune system activation (O’Connell et al. 2005). In an in vivo study 
about distribution of TLRsl—6 in the human female reproductive tract, the 
researchers found that TLR molecules 1, 2, 3, 5, and 6 were present in the epi- 
thelium of all the tissues studied (vagina, ectocervix, endocervix, uterus, and 
uterine tubes), while TLR4 showed a differential expression, being present in 
endocervix, endometrium, and uterine tubes, but absent in vagina and ectocer- 
vix (Fazeli et al. 2005). When a microbial molecular structure binds to specific 
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TLRs, numerous signaling events occur that lead to the selective activation of 
gene coding for proinflammatory cytokines (O’Connell et al. 2005). In turn, the 
cytokines stimulate phagocytic and natural killer cells to attack the invading 
pathogens and to initiate a microbial pathogen-specific immune response 
(Witkin et al. 2007). 

In 1993, Platz-Christensen et al. first identified a proinflammatory cytokine, 
interleukin (IL)-1a in cervical mucus and vaginal fluid of women in early preg- 
nancy who had signs of BV. Their study showed that concentrations of IL-1la 
were significantly higher in those women than the corresponding levels in con- 
trol subjects. A few years later, Imseis et al. (1997) found that vaginal levels of 
another proinflammatory cytokine, interleukin (IL)-1f, were significantly ele- 
vated in pregnant patients with BV. Related to this cytokine, other studies of 
pregnant and fertile women demonstrated high levels of IL-18 in women diag- 
nosed with BV (Sturm-Ramirez et al. 2000; Cauci et al. 2002a). 

Interleukin-1f is greatly associated with another proinflammatory cytokine, 
IL-8, in vaginal fluid of healthy and BV-positive women (Cauci et al. 2003). 
IL-8 is a chemoattractant and activating factor for neutrophils that has been 
found particularly in the vaginal dischargers of symptomatic trichomoniasis 
patients (Ryu et al. 2004). A few years later, Gelber et al. (2008) demonstrated 
that vaginolysin is able also to induce IL-8 production by human epithelial 
cells, and at the same time to lyse target cells (erythrocytes) in a species- 
specific manner. It was shown that BV causes a large increase in IL-1f concen- 
trations that is not paralleled by an increase in IL-8 concentrations in vaginal 
fluid, suggesting that BV-associated pathogens produce virulence factors that 
specifically inhibit IL-8 (Cauci et al. 2003). Moreover, the resulting deficiency 
of IL-8 might be generally responsible for the reduced counts of neutrophils 
and for the clinically detected absence of inflammatory symptoms in most 
women diagnosed with BV (Cauci 2004). 

Besides the reaction of innate immune response, in BV, women having this 
condition are able to stimulate a local adaptive response, such as the immu- 
noglobulin A (IgA) against another protein toxin produced by G. vaginalis, 
called hemolysin-Gvh (anti-Gvh IgA) (Cauci et al. 1996). Anti-Gvh IgA levels 
are considerably higher in vaginal fluids of women diagnosed with BV than in 
the normal controls: a specific IgA response was detected in more than half 
of the women with BV and in 18.5% of women with intermediate vaginal flora 
(Cauci et al. 1996). However, it was shown that multiple factors, such as gly- 
cosylases and proteinases, which are produced by the mixed abnormal vagi- 
nal flora can degrade immunoglobulin (Cauci et al. 2005). Therefore, levels of 
anti-Gvh IgA were found to be inversely correlated with sialidase, a type of 
glycosidase that is considered a virulence factor not only for destruction of 
mucins and increase of bacteria adherence but also for impairment of a spe- 
cific immunoglobulin A immune response against other virulence factors 
(Cauci et al. 1998, 2002b). Additionally, anti-Gvh IgA levels were inversely 
correlated with high levels of prolidase, a type of proteinase that can affect 
extracellular matrix constituents and that plays a role in modulation of 
immune factors’ activity (Vanhoof et al. 1995). 
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13.5 Clinical Features 


Clinically, the profuse gray-white vaginal discharge and characteristic fishy odor 
are the two most commonly reported symptoms of BV (Klebanoff et al. 2004). 
However, Koumans et al. (2007) found in a study about prevalence of BV in the 
United States that 84% of participating women with BV did not report symp- 
toms. Another clinical sign of BV, and a component of the Amsel criteria for BV 
diagnosis, is the presence of exfoliated vaginal epithelial cells coated with bacte- 
ria, termed clue cells (Amsel et al. 1983). G. vaginalis, among other BV-associ- 
ated bacteria, has been shown to interact with vaginal epithelial cells in culture 
(Patterson et al. 2010), and clinical studies have demonstrated that vaginal sam- 
ples from women with BV presented epithelial cells covered by this Gram-vari- 
able rod (Cook et al. 1989). Moreover, in an experiment performed with G. 
vaginalis infected mice, washes of the animals’ vaginas often contained clumps 
of epithelial cells with apparent adhered bacteria (Gilbert et al. 2013). Other 
“inflammatory” symptoms such as: irritation, itching, and dysuria, have been 
shown to be less prevalent among women with BV (Klebanoff et al. 2004). 

Bacterial vaginosis is generally diagnosed by the interpretation of clinical signs 
and symptoms of patients, based on Amsel criteria, or microscopic examination 
of Gram-stained vaginal specimens, based on Nugent score analysis (Nugent 
et al. 1991). However, as will be mentioned in the next section of this chapter, 
these two diagnostic tools are subjective and the attention is focused on alterna- 
tive methods for BV diagnosis (reviewed by Africa 2013). 


13.6 Diagnosis 


In 1983, Amsel et al. proposed the first clinical diagnostic criteria for BV, which 
is still in use today in clinical practices. A positive diagnosis of BV is made if at 
least three of the four following clinical signs are present: 


1) a vaginal secretion with a pH exceeding a value of 4.5; 

2) a characteristic fishy odor that is best induced by mixing vaginal secretion 
with a 10% KOH solution (positive whiff or sniff test); 

3) the presence of at least 20% of so-called clue cells (vaginal epithelial cells stud- 
ded with bacteria) identified by microscopic examination of vaginal fluid 
mixed with saline; 

4) a gray-white, skim milk-like vaginal discharge. 


However, Krohn et al. (1989) later suggested that two of the four BV clinical signs 
proposed by Amsel, especially the appearance of vaginal discharge and the evalua- 
tion of the odor, are rather subjective and hence might lead to misdiagnosis. In 
consequence, as an alternative to Amsel’s criteria, Nugent et al. (1991) have pro- 
posed the use of Gram-staining microbiological diagnosis of BV, based on the most 
reliable morphotypes from the vaginal smears. Thus, in the Gram-stain scoring 
system a higher density of Lactobacillus spp. morphotypes lowers the score, while 
a higher density of G. vaginalis, Bacteroides morphotypes and other curved rods 
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Table 13.1 Scoring system for Gram-stained vaginal smears? (Nugent et al. 1991). 


Gardnerella and 


Lactobacillus spp. Bacteroides spp. Curved Gram-variable 
Score? morphotypes morphotypes rods 
0 4+ 0 0 
1 3+ 1+ 1+ or 2+ 
2 2+ 2+ 3+ or 4+ 
3 1+ 3+ — 
4 0 4+ — 


Vaginal microflora diagnosis by Nugent score system 


Total score Interpretation 

0-3 Normal vaginal microflora 

4-6 Intermediate vaginal microflora 
7-10 Bacterial vaginosis 


“Morphotypes are scored as the average number seen per oil immersion field. Note that less weight 
is given to curved Gram-variable rods. Total score = lactobacilli + Gardnerella vaginalis and 
Bacteroides spp. + curved rods. 

PO, No morphotypes present; 1, <1 morphotype present; 2, 1 to 4 morphotypes present; 3, 5 to 30 
morphotypes present; 4, 30 or more morphotypes present. 


bacteria increases the score. The condition for BV is characterized by a score of 7 
or higher. A score of 4—6 corresponds to intermediate vaginal flora, and a score of 
0-3 is considered to represent normal vaginal microflora (Table 13.1). 

Both criteria mentioned above are used for the diagnosis of BV in routine clini- 
cal practices depending on the user preference, although each has limitations, 
being neither very specific nor sensitive (Forsum et al. 2005). Thus, there are 
many attempts to develop novel molecular methods for BV diagnosis (reviewed 
by Africa 2013), which could be of a great utility. Fluorescence in situ hybridiza- 
tion (FISH) can easily adapt the Nugent score method, but using specific molec- 
ular probes, it can be expected to reach higher sensitivity and specificity. FISH 
combines the simplicity of microscopy observation and the specificity of DNA/ 
rRNA hybridization, allowing the detection and morphologic visualization of 
selected bacterial species (Justé et al. 2008). Peptide nucleic acids (PNA) probes 
started to be used instead of natural nucleic acids because they enable quicker 
and more specific hybridization, thus improving FISH efficiency (Wilson et al. 
2005; Peleg et al. 2009). Additionally, other molecular techniques have been used 
for the diagnosis of BV, namely quantitative polymerase chain reaction (qPCR) 
assays. Therefore, several studies have used qPCR in order to perform the quan- 
titative assessment of the microorganisms associated with normal and BV micro- 
biota, showing a very high sensitivity and specificity compared to the Amsel 
criteria, Nugent scoring, and as well as to the FISH method. A list of the recent 
studies (2010—2017) related to the use of FISH and qPCR as potential methods 
for BV diagnosis is presented in Table 13.2. 


Table 13.2 Potential techniques for BV diagnosis. 


Bacterial Vaginosis 


Study 


FISH 


Comparing BV diagnosis accuracy 
performed by PNA-FISH method 
with Nugent score criteria 


Evaluating the presence of G. 
vaginalis and A. vaginae, two of the 
most found positive indicators for 
the diagnosis of BV, in vaginal 
samples using PNA-FISH 


qPCR 


Determining the diagnostic 
accuracy of qPCR assay in 
diagnosing BV versus the standard 
methods, Amsel criteria and 
Nugent scoring 


Developing of a prototype BV PCR 
assay for the diagnosis of BV 


Evaluating a semi-quantitative 
multiplex PCR assay for the 
diagnosis of BV versus Nugent 
score analysis 


Determining the diagnostic 
accuracy of the symptomatic BV by 
qPCR compared to Amsel criteria 
and Nugent scoring 


Results 


PNA-FISH method showed a 
specificity of 97.6% anda 
sensitivity of 84.6%, 
representing a valuable 
alternative method for BV 
diagnosis 


PNA-FISH technique revealed 
the presence in the clinical 
samples of a polymicrobial 
biofilm, in which A. vaginae is 
part of a G. vaginalis- 
dominated biofilm 


Quantitative PCR predicted BV 
with a specificity of 93% anda 
sensitivity of 100%, showing 
excellent agreement with the 
results of both reference 
methods for the diagnosis of 
BV 


BV PCR assay demonstrated a 
specificity of 92.2% anda 
sensitivity of 96.7%, being 
comparable in diagnostic 
accuracy to the conventional 
gold standard for diagnosis of 
BV 


BV-PCR displayed a specificity 
of 96% and a sensitivity of 92%, 
offering a convenient tool for 
performing observer 
independent diagnosis of BV 


Quantitative PCR provided a 
specificity of 95% anda 
sensitivity of 92%, being 
considered a highly accurate 
laboratory tool to assist in the 
diagnosis of symptomatic BV 


Reference 


Machado 
et al. 2015 


Hardy 
et al. 2015 


Menard 
et al. 2010 


Cartwright 
et al. 2012 


Kusters 
et al. 2015 


Hilbert 
et al. 2016 


(Continued) 
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Table 13.2 (Continued) 


Study Results Reference 
Evaluating a tool based on Quantitative PCR tool showed Jespers 
log10-transformed qPCR data for for diagnostic accuracy of BV a et al. 2016 
the present bacteria in vaginal specificity of 83.6% anda 
specimens to detect BV and predict sensitivity of 93.4% and for 
transition to BV versus Nugent predictive accuracy for BV a 
score analysis specificity of 52% anda 

sensitivity of 79%, being 

suggested that this tool can be 

ideally engineered as a rapid 

assay for BV diagnosis 
Evaluating the quantitative Florocenosis-BV assay Rumyantseva 
AmpliSens Florocenosis/Bacterial demonstrated 100% and 98% et al. 2016 


vaginosis-FRT multiplex real-time 
PCR (Florocenosis-BV) assay for 
diagnosis of BV 


sensitivity compared with the 
Amsel criteria and 454 
pyrosequencing, respectively, 


with 91% specificity, being 
indicated that it is an objective, 
accurate, sensitive, and specific 
method for BV diagnosis 


13.7 Treatment 


The current BV treatment usually prescribed by physicians is directed toward 
relief of symptoms through decrease of BV-associated bacteria and restoration of 
normal vaginal microflora (Pirotta et al. 2009). Therefore, the most common 
treatment used for BV is based on antibiotics, being suggested that metronida- 
zole, a member of the nitroimidazole drug class, represents the first-line therapy 
for this condition, serving as drug of first choice (Sobel and Sobel 2015). 

Metronidazole was initially indicated for the treatment of trichomoniasis 
(Moffett and Mcgill 1960), but was then found to be efficient against anaerobic 
organisms (Tally et al. 1975). Still, therapy with metronidazole presents various 
side effects — e.g. nausea, diarrhea, vulvovaginal mycotic infection, headache, 
dysmenorrhea, or vulvovaginal pruritus (Schwebke et al. 2015). Another antimi- 
crobial agent that can be used for the treatment of BV is clindamycin (Sweet 
1993). Nevertheless, when this antibiotic is applied topically, it can cause pseu- 
domembranous colitis and skin rashes (Trexler et al. 1997). In the last few years, 
the Food and Drug Administration approved another antibiotic for BV treat- 
ment, called tinidazole (reviewed by Dickey et al. 2009), considered to be an 
alternative way to metronidazole and clindamycin for the treatment of BV. 
Tinidazole has a twice-longer half-life than metronidazole (Wood and Monro 
1975). Its side effects have been reported at half the frequency when compared 
to metronidazole, and it requires lower dosages and to be taken less often than 
metronidazole (reviewed by Dickey et al. 2009). 
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However, the treatment with antibiotics is not totally effective against BV- 
associated bacteria, and recurrence can appear in ~20% of patients within 
1month and >50% within 1 year (Bradshaw et al. 2006). In this regard, the atten- 
tion was focused on several alternative approaches against BV that might be 
more effective than antibiotics. These alternative ways can be categorized as 
treatment with antiseptics and disinfectants, with vaginal acidifying or buffering 
agents, with plant-derived compounds, and with probiotics, which have been 
used as an independent therapy or in combination with antibiotics (reviewed by 
Machado et al. 2016). 

Antiseptics have an antibacterial activity against a large number of bacteria, 
acting through disrupting their cell membrane (Lachapelle et al. 2013). 
Therefore, recently, Swidsinski et al. (2015) showed that octenidine dihydro- 
chloride, a local antiseptic, was initially highly effective against BV biofilm. 
However, the efficacy of repeated and prolonged treatment was lower than 
expected and bacterial resistance appeared in a significant subgroup of women 
(Swidsinski et al. 2015). 

Vaginal acidification represents another interesting way for BV treatment 
(Boskey et al. 1999). Thus, related to this topic, some studies described an effec- 
tive use of vitamin C vaginal tablets as a treatment for BV, which contributes to 
improve abnormal vaginal pH, normalize vaginal flora, and relieve signs and 
symptoms related to this condition (Petersen et al. 2011). Regarding the buffer- 
ing agents, boric acid is one of the agents that has been long used for vaginal 
infections treatment (Van Slyke et al. 1981). Accordingly, Reichman et al. (2009) 
reported that use of boric acid in combination with nitroimidazole decreased the 
recurrence of BV, indicating a potential impact on BV biofilms. However, the 
results regarding vaginal acidification are controversial, since acidification strat- 
egies alone, using acetic acid (Holley et al. 2004) or acid-buffering formulation 
(Simoes et al. 2006), indicated to be somewhat inefficient against BV (reviewed 
by Machado et al. 2016). 

Plant-derived components used in the treatment of vaginal infections repre- 
sent another therapeutic strategy on the rise (Palmeira-de-Oliveira et al. 2013). 
Therefore, recently, Machado et al. (2017) evaluated the antibacterial activity of 
Thymbra capitata essential oil against G. vaginalis grown planktonically and as 
biofilm. Their results showed that T capitata essential oil exhibited a potent 
activity against G. vaginalis planktonic cells and had an evident inhibitory effect 
against G. vaginalis biofilms. Thus, the essential oil of T. capitata stands up as a 
promissory therapeutic agent for BV diagnosis and other G. vaginalis biofilm- 
related infections (Machado et al. 2017). 

Probiotics are live microorganisms that, when administered in adequate 
amounts, confer a health benefit to the host (Food Agriculture Organization 
of the United Nations World Health Organization 2001). In the woman’s 
vagina, some lactobacilli species can behave as probiotics, inhibiting the 
adhesion of BV-associated bacteria to the vaginal epithelial cells by produc- 
ing antimicrobial compounds like hydrogen peroxide (Mastromarino et al. 
2002), lactic acid (Boskey et al. 2001), or bacteriocins (Aroutcheva et al. 
2001). Based on this, various pharmaceutical preparations (e.g. vaginal 
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probiotic capsules) containing Lactobacillus species are generally well-tolerated, 
being used to control BV symptoms and restore the physiological vaginal pH 
(Rossi et al. 2010). 

Considering the above-mentioned products against BV, still they are not suf- 
ficient to deal with this multispecies biofilm-related vaginal disorder and in this 
case, in order to overcome the high recurrence and relapse rates, novel strategies 
would be helpful (reviewed by Machado et al. 2016). 


13.8 Conclusions 


Bacterial vaginosis is an important problem worldwide. The etiology of this dis- 
ease is still poorly understood, and therefore studies that support the idea that 
BV is a sexually associated disease have become increasingly more frequent. 
Several observations about BV presence within heterosexual couples have 
pointed to sexual exchange of BV-associated species. Moreover, exchange of 
vaginal bacterial taxa was also identified within women who have sex with 
women, supporting the concept that BV is sexually transmitted. The available 
treatments for BV often only alleviate symptoms, and therefore recurrences are 
possible after some time. As a consequence, taking into account the severity of 
this healthy condition and the fact that the available treatments usually cannot 
totally eradicate it, women should be conscious and responsible for their actions 
regarding sexual life because sexual relationships and behaviors have a strong 
influence on acquisition of this enigmatic disease. 
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14.1 Introduction 


Haemophilus ducreyi causes the sexually transmitted disease chancroid; the dis- 
ease is characterized by painful genital ulcers, often accompanied by regional 
lymphadenopathy. Endemic in resource-poor areas, chancroid is primarily 
associated with commercial sex workers and their clients in industrialized 
nations. Experimental human infection with H. ducreyi has identified a number 
of virulence factors necessary for establishment or progression of the disease as 
well as an in-depth understanding of the host immune response. Although the 
prevalence of chancroid is waning in areas under surveillance for H. ducreyi, a 
second disease manifestation of H. ducreyi infection was recently discovered 
that confirms H. ducreyi’s importance as a human pathogen. 


14.2 Epidemiology of Chancroid and H. ducreyi 


Chancroid has traditionally been considered endemic in many resource-poor 
parts of the world, particularly sub-Saharan Africa, Asia, and the Caribbean, 
with episodic outbreaks occurring in industrialized countries. In both endemic 
and outbreak settings, chancroid is primarily seen in people from lower socio- 
economic circumstances and is associated with female commercial sex workers 
and their male clients. Uncircumcised males are more likely to become infected 
than circumcised males. Outbreaks in industrialized countries are associated 
with exchange of sex for drugs; in the United States, the peak incidence of 
H. ducreyi in the 1980s coincided with the crack cocaine epidemic. Chancroid is 
more common in males; in endemic areas the male: female ratio is 3:1, and the 
ratio rises to 25:1 during outbreak settings (Bong et al. 2002b). While the role of 
female sex workers in disease transmission likely skews the gender ratio in favor 
of more males than females being infected, experimental human infection studies 
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demonstrated that men inoculated with H. ducreyi on the upper arm are two 
times more susceptible to disease progression than similarly inoculated women, 
indicating that gender plays a role in disease outcome (Bong et al. 2002b). 

During the past three decades, the epidemiology of H. ducreyi has changed 
significantly. Whereas H. ducreyi was estimated to cause four to six million 
cases of genital ulcers in the 1990s (UNAIDS 1997) and was an important risk 
factor for the transmission and acquisition of HIV, its current global preva- 
lence is unknown. Multiple factors contributed to the disease no longer being 
included in the most recent World Health Organization (WHO) report on 
sexually transmitted infections. The high prevalence of the disease in the 
1990s, when 6—69% of genital ulcer disease (GUD) was attributed to H. ducreyi 
in South Africa (Johnson et al. 2005), declined in part due to syndromic 
management of GUD that included treatment for both syphilis and chancroid; 
additionally, the lack of easily accessible diagnostic tests (Lewis 2000; Alfa 
2005) in resource-poor countries inhibits the ability to routinely test for the 
infection, where it may remain endemic. 

By the beginning of the twenty-first century, only sporadic outbreaks of the dis- 
ease were reported, suggesting a sustained reduction in the number of cases world- 
wide, with H. ducreyi causing less than 10% of GUD cases (Gonzalez-Beiras et al. 
2016). Rare cases occur in the United States, where 11 or fewer cases were reported 
annually from 2010 to 2015 (CDC 2016). Yet, GUD caused by H. ducreyi continues 
to be reported in Europe, Africa, and Asia (Madani 2006; Rehan 2006; Al-Mutairi 
et al. 2007; Hope-Rapp et al. 2010; Phiri et al. 2013). Outbreaks in industrialized 
countries are reported most commonly in the setting of commercial sex workers, 
consistent with the organism’s transmission dynamics that suggest the disease can 
only be maintained in highly sexually active communities (Bong et al. 2002a). 
These data, coupled with relatively easy and curative treatment options, fueled the 
hypothesis that chancroid eradication may be feasible (Steen 2001). 

However, this organism is emerging as an important pathogen associated with 
a non-sexually transmitted, chronic cutaneous leg ulcer syndrome in children 
and adults living in rural areas of resource-poor tropical countries (see 
Section 14.7). Investigations into possible reservoirs revealed that asymptomatic 
children could be culture-positive carriers of H. ducreyi. Additionally, household 
flies and bedsheets were PCR-positive for H. ducreyi DNA and may serve as 
fomites for maintaining this strict human pathogen within a community and an 
environment (Houinei et al. 2017). Chancroid elimination may therefore take a 
much more multidisciplinary approach than previously anticipated, and it 
remains an important pathogen for two distinct clinical entities. 


14.3 Clinical Features 


In the mid-1800s, chancroid, or soft chancre, was clinically distinguished from 
syphilis, or hard chancre. The clinical features of chancroid as a sexually trans- 
mitted genital ulcer disease have remained consistent over time. The genital 
ulcers that are typical for chancroid emerge one to two weeks after exposure to 
H. ducreyi during sexual intercourse. H. ducreyi gains entry to the skin through 
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Figure 14.1 Clinical case of penile chancroid with multiple ulcerative lesions. Source: 
Photograph generously provided by Professor David A. Lewis. 


microabrasions caused during intercourse; over the ensuing hours to days, 
H. ducreyi multiplies and causes painless, erythematous papules. With contin- 
ued replication and immune system responses to the bacterium within the pap- 
ules, pustules develop during the next one to two days (Morse 1989). 

After another several days, these pustules erupt and lead to painful ulcers at 
the original site(s) of inoculation. In women, they are most often found on the 
labia and in men on the prepuce or penile shaft (Figure 14.1). Ulcers may also 
occur on or near the cervix in women and the coronal sulcus in men. These 
ulcers classically have a heaped up, ragged border with an erythematous, puru- 
lent base (Lagergard 1995). Patients generally have persistently painful ulcers 
for two to three weeks prior to clinical evaluation. Untreated genital ulcers may 
persist for several months. In nearly half of affected individuals, regional 
lymphadenopathy also develops prior to presentation; enlarged, painful nodes 
develop unilaterally or bilaterally. Buboes, which are also a clinical finding in 
lymphogranuloma venereum (LGV), may also develop. 

While rare, extragenital lesions may occur in both immunocompetent and 
immunocompromised patients (Trees and Morse 1995). Extragenital lesions are 
due to autoinoculation and not dissemination, which does not occur. Patients 
who are HIV-infected may present with classic ulcers or sometimes with more 
numerous ulcers; coinfection with other pathogens occurs in both HIV-infected 
and HIV-uninfected individuals. 


14.4 The Pathogen 


Haemophilus ducreyi is a microaerophilic, Gram-negative coccobacillus in the 
Pasteurellaceae family of the Gammaproteobacteria. The organism shares with 
the Haemophilus genus the nutritional requirement for heme; however, H. ducreyi 
is not a true Haemophilus but is genetically more closely related to the 
Actinobacillus and Mannheimia genera (Christensen et al. 2004; Gioia et al. 2006). 
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Overall, the H. ducreyi genome is highly conserved, with little strain-to-strain 
heterogeneity. Prior to the availability of high-throughput sequencing tech- 
niques, differences in proteins and lipooligosaccharide (LOS) in the outer mem- 
branes of clinical isolates identified two phenotypic groups of H. ducreyi strains, 
referred to as class I and class II (White et al. 2005). Subsequently, multilocus and 
whole genome sequencing analyses confirmed that class I and class II H. ducreyi 
strains comprise two separate clades, which diverged from their most recent 
common ancestor roughly two million years ago (Ricotta et al. 2011; Gangaiah 
et al. 2015; Gangaiah and Spinola 2016). The newly identified cutaneous ulcer 
strains (see Section 14.7) diverged more recently from both class I and class II 
clades (Gangaiah and Spinola 2016). 


14.5 Pathogenesis and Immunity 


14.5.1 Overview of Pathogenesis 


Haemophilus ducreyi is primarily a pathogen of human skin; no known suscepti- 
ble animal reservoirs or hosts have been identified, and infection in humans is 
confined to the skin and regional lymph nodes. H. ducreyi requires abrasions or 
other breaks in the epidermis in order to initiate infection. On abraded skin, an 
estimated inoculum as low as one bacterium is sufficient to cause infection; how- 
ever, an inoculumas high as 10° bacteria causes no disease on intact skin (Spinola 
et al. 1994). 

Entry of H. ducreyi into the skin initiates a strong inflammatory response that 
recruits polymorphonuclear cells (PMNs) and macrophages to the site of infec- 
tion. PMNs quickly surround the bacteria, forming epidermal and dermal 
micro-abscesses that coalesce during the papular and pustular clinical stages 
(see Section 14.3); recruited macrophages form a collar at the base of the abscess 
(pustule). H. ducreyi remains extracellular and multiplies in the abscess, where 
the organism colocalizes with phagocytes as well as collagen and fibrin. An ina- 
bility to clear the bacteria and the ongoing recruitment of phagocytes expands 
the lesions, which eventually ulcerate. No effective adaptive immune response 
develops; without antibiotic treatment, infection may persist for many weeks. 


14.5.2 Virulence Mechanisms 


Experimental human infection with H. ducreyi has identified several pathogenic 
mechanisms that contribute to the organism’s ability to survive in vivo 
(Table 14.1). Adherence to host tissue is a critical first step in microbial infection. 
H. ducreyi expresses several adhesins important for the organism’s virulence; 
most of these adhesins bind to extracellular matrix (ECM) proteins, consistent 
with the organism's in vivo association with ECM components of abscesses 
(Bauer et al. 2001). The outer membrane protein NcaA confers adherence to col- 
lagen, a prominent component of the dermis that H. ducreyi colocalizes with 
during infection (Fulcher et al. 2006). Two proteins contribute to adherence to 
fibrinogen, which forms scaffolding in the abscess and surrounds the pathogen; 


Chancroid 


Table 14.1 Virulence factors required for pathogenesis of Haemophilus ducreyi in human 
volunteers. 


Virulence Factor? Function(s) 

CpxA Regulation 

CsrA Regulation 

DksA Regulation (Stringent response) 
DItA Serum resistance, minor contributor 
DsrA Serum resistance 


Adherence to keratinocytes, fibronectin, fibrinogen, vitronectin 


FgbA Adherence to fibronectin 

Flp1,2,3 Adherence to fibroblasts 
Microcolony formation 

Hfq Regulation (stationary phase) 

HgbA Hemoglobin acquisition 

LspAl Resistance to phagocytosis 

LspA2 Resistance to phagocytosis 

LuxS Regulation 

NcaA Adherence to collagen 

PAL Associated with peptidoglycan 
Envelope integrity 

RelA Regulation (stringent response) 

SapA Resistance to antimicrobial peptides 

SapB Resistance to antimicrobial peptides 

SapC Resistance to antimicrobial peptides 

TadA Microcolony formation 


Type IV secretion 
WecA Enzyme involved in ECA biosynthesis 


*Each protein was defined as a virulence factor after deletion of the gene encoding that protein 
eliminated or significantly reduced the ability to form pustules in experimental human infection, 
when compared with the isogenic parent strain. 


the outer membrane protein DsrA appears to be the major fibrinogen adhesin, 
although the organism also expresses the fibrinogen-binding protein FgbA 
(Townsend et al. 2009; Fusco et al. 2013). DsrA also binds to fibronectin, vitron- 
ectin, and keratinocytes (Cole et al. 2002; Leduc et al. 2008). Three homologous 
Flp proteins (Flp-1, Flp- 2, and Flp-3) confer adherence to fibroblasts; the Flp 
proteins are also required for microcolony formation (Janowicz et al. 2011). 
Although H. ducreyi has not been observed attaching to fibroblasts in vivo, the 
Flp proteins are required for virulence, possibly due to their contribution to 
microcolony formation. Each of these adhesins contributes significantly to the 
pathogen’s ability to cause human disease. 
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As H. ducreyi is surrounded by professional phagocytes throughout infection, 
one major virulence mechanism is H. ducreyi’s ability to resist phagocytosis and 
remain extracellular. The pathogen secretes two antiphagocytic proteins, called 
LspA1 and LspA2; these proteins block phosphorylation of Src family tyrosine 
kinases to disrupt the signal transduction cascade that leads to Fc-gamma recep- 
tor-mediated phagocytic uptake (Mock et al. 2005). 

In the extracellular environment of the abscess, H. ducreyi must contend with 
the antimicrobial effects of complement and cationic antimicrobial peptides. 
H. ducreyi produces the outer membrane protein DsrA, which confers high-level 
serum resistance. A member of the trimeric autotransporter adhesin family, 
DsrA forms trimeric structures on the surface of the bacterium that block depo- 
sition of IgM and complement components (Abdullah et al. 2005). The action of 
DsrA allows H. ducreyi to survive in whole blood or 100% human serum. 
Although DsrA is the major determinant of serum resistance, a second surface 
protein, DItA, plays a contributory role in serum resistance; this mechanistic 
redundancy demonstrates the importance of serum resistance to H. ducreyi’s 
survival (Janowicz et al. 2006). 

When phagocytes cannot engulf bacteria, one alternative antimicrobial mech- 
anism is to degranulate, releasing potent cationic antimicrobial peptides (AMPs) 
into the extracellular milieu; keratinocytes and other epithelial cells also secrete 
AMPs. AMPs kill Gram-negative bacteria primarily by penetrating the cell wall 
and disrupting the integrity of the inner membrane. During human infection, 
H. ducreyi encounters multiple AMPs, including the cathelicidin LL37 as well as 
several alpha- and beta-defensins. H. ducreyi utilizes molecular transporters to 
remove periplasmic AMPs before the inner membrane is compromised. The Sap 
transporter, a member of the peptide uptake transporter family, imports peri- 
plasmic LL37 to the cytoplasm for degradation and is required for virulence in 
vivo (Rinker et al. 2012). Conversely, the multiple transferable resistance (MTR) 
efflux transporter expels periplasmic LL37 through the outer membrane and 
outside of the bacterium. The MTR efflux pump similarly removes beta-defensins 
that reach the periplasm. 

Several other virulence factors have been identified in H. ducreyi (Table 14.1). 
To utilize the essential element iron, H. ducreyi must obtain iron in the context of 
a porphyrin ring such as heme or hemoglobin. The TonB-dependent receptor 
HgbA binds host hemoglobin for uptake into the bacterial cell and is required for 
survival in vivo. PAL, a peptidoglycan-associated lipoprotein, contributes to cell 
wall integrity and is required for virulence (Fortney et al. 2000). Two additional 
proteins, TadA, and WecA, are required for virulence, although their roles in 
pathogenesis are less clear. TadA is a component of a type IV secretion system, 
whose substrates in H. ducreyi have not been defined (Nika et al. 2002; Spinola 
et al. 2003b). WecA is the first enzyme in the biosynthesis of enterobacterial com- 
mon antigen (ECA), which has yet to be detected in H. ducreyi (Banks et al. 2008). 


14.5.3 Regulation of Virulence 


As with other Gram-negative pathogens, envelope stress is an important regulatory 
signal for H. ducreyi. Under conditions of envelope stress, the two-component 
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signal transduction regulator CpxRA downregulates production of cell wall- 
associated or secreted proteins, thereby reducing the flow of proteins across the 
envelope. Jn vivo, the H. ducreyi CpxRA system downregulates several virulence 
factors, including DsrA, HgbA, LspA2, NcaA, and Flp1—3 (Gangaiah et al. 
2013b). CpxR is a transcriptional repressor, and CpxA is the sensor kinase that 
activates CpxR in response to envelope stress; CpxA also acts as a phosphatase to 
dephosphorylate CpxR in the absence of activation signals. The phosphatase 
activity of CpxA is required throughout human infection in order to inactivate 
CpxR and maintain virulence factor expression (Spinola et al. 2010; Gangaiah 
et al. 2013b). 

Nutrient limitation is another stress that affects expression of H. ducreyi 
virulence factors. Nutrient deprivation induces stationary phase growth, with 
consequent reductions in rates of metabolism and cell division. Entry into sta- 
tionary phase upregulates the locus encoding the Flp1—3 adhesins as well as 
LspB, which secretes LspAl and LspA2 (Ward et al. 2004; Gangaiah et al. 
2014). The RNA-binding master regulator Hfq controls stationary phase 
expression of the genes encoding these virulence factors, along with many 
other genes in H. ducreyi. Additional regulators contribute to the stationary 
phase response in H. ducreyi, including CsrA and the stringent response pro- 
teins RelA and DksA (Gangaiah et al. 2013a; Holley et al. 2014, 2015); the spe- 
cific contributions of CsrA, RelA, and DksA to H. ducreyi virulence are less 
well understood. 


14.5.4 Immune Response 


The immune response to H. ducreyi infection involves recruitment of cells from 
both the innate and adaptive immune systems. Phagocytes are recruited and 
form abscesses, as described above; in the dermis beneath the abscesses, leuko- 
cytes of the adaptive response accumulate, including CD4+ and CD8+ T cells, 
myeloid dendritic cells, and natural killer (NK) cells. Few B cells respond, and 
antibodies against H. ducreyi are only generated late in the ulcerative stage of 
disease. The antibodies are not bactericidal, and the immune response is not 
protective against subsequent infection. 

During experimental human infection, some volunteers repeatedly resolve 
infection soon after inoculation, while other volunteers repeatedly progress to 
the pustular stage of disease (Spinola et al. 2003a). Transcriptional responses to 
H. ducreyi inoculation differ between repeated resolvers and repeated pustule 
formers, with resolvers establishing a pro-phagocytic response and pustule 
formers developing a dysregulated response with a mix of inflammatory and 
suppressive components (Humphreys et al. 2007). Although the full repertoire of 
host factors in determining outcome of H. ducreyi inoculation is not known, 
gender plays a role, with men more likely to progress in the disease and women 
more likely to resolve the disease (Bong et al. 2002b). Additionally, outcome of 
infection has been linked to variations in small nucleotide polymorphisms in the 
TLR9 and IL10 genetic loci (Singer et al. 2016). 

The ability to phagocytize H. ducreyi soon after inoculation is likely criti- 
cal to resolving infection. The CD56""®"" subset of NK cells is upregulated in 
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H. ducreyi-infected lesions; upon activation, these cells secrete interferon- 
gamma, which promotes phagocytosis (Li et al. 2009). Polarized M2 mac- 
rophages, also enhanced during H. ducreyi infection, exhibit an increased 
ability to engulf and kill H. ducreyi (Li et al. 2012). CD56""®"' NK cells and M2 
macrophages likely contribute to the ability to resolve infection. 

Mechanisms contributing to an ineffective immune response have been identi- 
fied in H. ducreyi-infected pustules. CD4+ FOXP3+ T (Treg) cells are enriched 
in and accumulate at the base of H. ducreyi-infected pustules; Treg cells suppress 
the antimicrobial activities of both innate and adaptive immunity and have been 
shown to inhibit phagocytosis of H. ducreyi (Li et al. 2010). Myeloid DCs are also 
recruited to H. ducreyi-infected lesions; the organism’s LOS induces DCs to pro- 
duce indoleamine 2,3 dioxygenase (IDO), which, in turn, upregulates production 
of Treg cells (Li et al. 2011). These mechanisms likely dampen the ability to 
phagocytize and clear H. ducreyi early after inoculation and thus contribute to 
disease progression. 


14.6 Diagnosis, Treatment, and Prevention 


The differential diagnosis for a genital ulcer includes chancroid, herpes simplex 
virus (HSV), Klebsiella granulomatosis (donovanosis), LGV, and syphilis. The 
description of the classic genital ulcer of chancroid (see Section 14.3) is just that; 
enough variations occur that it is not pathognomonic. In fact, the diagnosis of 
GUD based on a clinical presentation is often inaccurate. Even in highly endemic 
areas with experienced clinicians, physical exam findings have low sensitivity 
and specificity (Dangor et al. 1990; DiCarlo and Martin 1997). 

Laboratory culture remains the gold standard for diagnosis, but the organism 
is fastidious and requires temperatures between 33°C and 35°C, elevated 
humidity, microaerophilic conditions with 5% CO», and heme-containing 
media, such as chocolate agar, enriched with IsoVitaleX; colonies require at 
least 48-72 hours of growth. These requirements prove challenging in routine 
laboratory settings, particularly in developing countries where the disease may 
be more prevalent. Gram-stain of ulcers or buboes, which has a low sensitivity, 
may aid in presumptive diagnosis by demonstrating small, Gram-negative 
coccobacilli that are sometimes arranged in a railroad track or school of fish 
configuration. Multiplex-PCR, while highly sensitive and specific, differentiates 
H. ducreyi, HSV, and Treponema pallidum (Orle et al. 1996). Although devel- 
oped some time ago, multiplex-PCR is not commercially available and remains 
a research tool. Serum antibody responses do occur after approximately three 
weeks of ulcerative symptoms, but they are not immunoprotective and remain 
positive for several months after resolution of disease (Chen et al. 1997; Elkins 
et al. 2000). 

Treatment for chancroid is simple and curative with single doses or short 
courses of generic, well-tolerated antibiotics. Specific management of ulcers 
is not needed, outside of keeping the lesions clean (WHO 2003). Effective antibi- 
otics recommended by the WHO, the British Association for Sexual Health 
and HIV (O'Farrell and Lazaro 2014), and the Centers for Disease Control and 
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Prevention (Workowski and Bolan 2015) include erythromycin 500mg orally 
three times daily for seven days, azithromycin 1 g orally in a single dose, ceftriax- 
one 250 mg intramuscularly in a single dose, or ciprofloxacin 500 mg orally twice 
daily for three days. Antimicrobial resistance in H. ducreyi is not well defined, 
although the organism has acquired plasmid-mediated resistance to ampicillin, 
chloramphenicol, tetracyclines, and sulfonamides (Albritton et al. 1982; Trees 
and Morse 1995). 

Vaccine development against H. ducreyi is hindered by the lack of protective 
immunity against natural infection and no single, dominant virulence factor, 
such as a secreted toxin. Vaccine strategies have thus focused on identifying sur- 
face-exposed virulence factors that, when used in sufficient dose as an immuno- 
gen, could elicit a protective response. In a swine model of H. ducreyi infection, 
recombinant HgbA elicited a protective response against the strain from which 
it was derived but did not afford protection against heterologous strains (Leduc 
et al. 2011). DsrA antigens have shown promise in eliciting antibodies with par- 
tial protection against heterologous strains, but full protection has not yet been 
demonstrated in vivo (Samo et al. 2016). 


14.7 Chronic Limb Ulcers Caused by H. ducreyi 


In addition to its long-established role as the etiologic agent of chancroid, 
H. ducreyi has also recently been identified as a major cause of nonsexually 
transmitted, chronic limb ulcerations in resource-poor tropical regions. These 
ulcers closely resemble yaws, a tropical disease caused by T pallidum subspecies 
pertenue. From 1989 to 2010, sporadic cases were reported of individuals pre- 
senting with nonhealing cutaneous ulcers that, upon diagnosis, were negative for 
T. pallidum pertenue but positive for H. ducreyi; the patients had all traveled 
from yaws-endemic areas in Sudan or the south Pacific countries of Fiji, Samoa, 
Papua New Guinea, or Vanuatu (Marckmann et al. 1989; Humphrey et al. 2007; 
Peel et al. 2010). As part of the WHO’s yaws eradication campaign (WHO 2012), 
a 2013 prospective cohort study was undertaken in five yaws-endemic villages of 
Papua New Guinea (Mitja et al. 2014). The study found that 47% of patients with 
skin ulcers were PCR positive for H. ducreyi but not for T. pallidum pertenue; 
only 21% were PCR positive for T. pallidum pertenue but not H. ducreyi. The 
overall prevalence of H. ducreyi in these villages was 2% of the total population 
and 7% of children aged 5-15years. A similar study in the Solomon Islands 
reported 32% of skin ulcers were PCR-positive for H. ducreyi (Marks et al. 2014). 
A study in Ghana also reported chronic limb ulcers that were H. ducreyi-positive 
but negative for T. pallidum pertenue (Ghinai et al. 2015). Together, these reports 
establish H. ducreyi as a previously unrecognized but significant cause of chronic 
limb ulcerations. 

Cutaneous ulcers caused by H. ducreyi are typically present on the legs for 
three to five weeks. Ulcers are often painful and approximately 2 cm in diameter, 
although some are larger. Indurated, boggy edges may or may not be present, and 
exudate is usually, but not always, reported in these fairly shallow, irregularly- 
shaped ulcers (Marks et al. 2014; Mitja et al. 2014). Thus far, no pathognomonic 
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physical exam finding has been identified to reliably distinguish an ulcer due to 
H. ducreyi from one due to T. pallidum pertenue. In one study, cutaneous ulcers 
caused by H. ducreyi were reported as smaller, less indurated, and more tender 
than those caused by T. pallidum pertenue; another study, however, described 
the lesions caused by these two pathogens as clinically indistinguishable (Marks 
et al. 2014; Mitja et al. 2014). 

Diagnostic testing options for chronic leg ulcers due to H. ducreyi in endemic 
settings are similar to those of chancroid. H. ducreyi should be considered in the 
diagnosis, but confirmation is currently challenging because of the lack of avail- 
ability of multiplex PCR or the necessary culturing techniques. Serology results 
for T. pallidum hemagglutination test and/or rapid plasmin reagin titers should 
not be used to exclude H. ducreyi infection because of high rates of co infection 
and seropositivity due to past yaws infection in these endemic settings (Mitja 
et al. 2014). 

Reasonable treatment options for leg ulcers due to H. ducreyi include those 
antibiotic regimens used to treat chancroid. Optimal therapy is not defined in 
this relatively new clinical syndrome. Mass drug administration in areas where 
yaws is endemic includes single-dose azithromycin, which should be effective for 
H. ducreyi as well; human challenge trials demonstrate a prophylactic effect of 
azithromycin in experimental chancroid infection (Thornton et al. 1998), and 
clinical isolates of H. ducreyi-infected chronic limb ulcers tested thus far are 
azithromycin sensitive (Gangaiah et al. 2015). In Ghana, however, a study of limb 
ulcers in a population previously treated with mass drug administration of 
azithromycin found that, while no post-treatment ulcers were positive for T. pal- 
lidum pertenue, 10% of post-treatment ulcers were positive for H. ducreyi (Ghinai 
et al. 2015). If H. ducreyi remains in the environment, reinfection is possible and 
may explain why the pathogen has not been eradicated in treated areas. Future 
treatment regimens may need to include environmental cleaning and treatment 
of asymptomatic carriers if the disease is to be eradicated, but more studies 
should be undertaken prior to implementing broad strategies like these. 


14.8 Conclusions 


Chancroid has been a recognized public health problem for over two centuries 
and played an important role in the spread of HIV in sub-Saharan Africa in the 
1980s—1990s. The recognized prevalence of chancroid has dropped in recent 
years, due to syndromic management of genital ulcers and lack of surveillance. 
However, the discovery of a second disease manifestation of H. ducreyi infection 
in the form of chronic cutaneous limb ulcers, coupled with the intriguing findings 
of asymptomatic carriers colonized with the pathogen and possible environmen- 
tal fomites for transmission, indicate that H. ducreyi remains a threat to public 
health. The very high relatedness among H. ducreyi strains that cause genital and 
cutaneous limb ulcers suggests that clinical isolates from either disease manifes- 
tation have the genetic capacity to cause either genital or chronic limb ulcers. 
Thus, chronic limb ulcers may provide a reservoir for future re-emergence of 
chancroid. 
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15.1 Introduction 


Vulvovaginal symptoms are among the most frequent gynaecologic problems 
encountered in the general practice as well as in the office of the gynecologist, its 
incidence being 60 per 1000 women per year (6%). Half of these women are 
20-30 years of age. Candida is with 35% of these the most frequent symptomatic 
infection of the female lower genital tract. Although the infection is in general 
harmless, the severity and duration of the symptoms requires proper diagnosis 
and treatment in millions of women worldwide. 


15.2 Etiology 


15.2.1 Pathogens 


More than 17 different Candida species are known to be aetiological agents of 
human infection, but more than 90% of vulvovaginal infections are caused by 
C. albicans, the remaining 10% by C. glabrata, C. parapsilosis, C. tropicalis, and 
C. krusei (Sardi et al. 2013). Some investigators have reported an increasing fre- 
quency of non-albicans species, which are less sensitive and often resistant to 
triazole antifungal agents, particularly C. glabrata. All Candida species produce 
similar vulvovaginal symptoms, although the severity of symptoms is milder 
with C. glabrata and C. parapsilosis. 

Candida parapsilosis leads to symptomatic vulvovaginal candidiasis (VVC) in 
two-thirds of colonized women (Kennedy and Sobel 2010). C. dubliniensis is 
mostly an opportunistic pathogen in the oral cavity of immunocompromised 
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individuals, but was recently also isolated from vaginal samples collected from 
women suffering from VVC in Turkey (Us and Cengiz 2007). C. krusei, notably 
resistant to fluconazole, has been reported to cause chronic vaginitis in older 
women (Singh et al. 2002). Nevertheless, C. parapsilosis, C. dubliniensis, and 
C. krusei can be affiliated with normal vaginal microbiota without causing 
disease. 

Rarely Saccharomyces cerevesia or other, rare variants of Candida are discovered 
from the vagina, and by means of molecular biology techniques, also new, formerly 
unrecognized variants are gradually appearing (Drell et al. 2013). In difficult-to-treat 
chronic cases, vaginal Candida isolates deserve species identification and 
consideration of pathogenic potential and antifungal susceptibility before 
therapeutic decisions are made (Brandolt et al. 2017). 


15.2.2 Morphology 


In vivo, Candida can present as a blastospore, a pseudomycelium (pseudo- 
hyphae), or a mycelium (hyphae). A blastospore is a less active, resting form of 
C. albicans, and forms ovaloid structures, the size of (and not to be confounded 
with) the head of a sperm cell (Figure 15.1a), and can have a small bud on one or 
two sides (budding yeast — “snowman sign,’ Figure 15.1b). These forms often 
cause less intense or no symptoms, are more frequent in patients with recurrent 
disease, and are indicative for an inactive C. albicans infection, or a non-albicans 
infection. A pseudohyphae is an early phase of formation of a hypha from a 
blastospore (“aspergus sign,’ Figure 15.1c) and indicates increased activity and 
more symptoms. The full-grown hyphae form shows long tubular structures 
with rounded ends and often branching in different degrees (Figure 15.1d). 
Several studies have demonstrated the penetration of hyphae into the epithe- 
lium, thereby creating an immune response that can be very severe at times. The 
production of certain proteins accompanying the transition from the blastospore 
to the hyphae form are being used as targets for vaccines, none of which, however, 
have made it to the marketing phase yet. 


15.3 Epidemiology 


15.3.1 Prevalence 


15.3.1.1 Asymptomatic Colonization 

As Candida can be part of the commensal vaginal flora, a difference should be 
made between colonization with Candida (asymptomatic) and Candida vagini- 
tis (symptomatic). Candida can be found as a commensal organism in a normal 
vaginal microbiome in 15-20% of healthy women (Germany, 20% (Mendling 
et al. 2012), Saudi Arabia 21% (Ameen et al. 2017), (Table 15.1). In a few studies 
based on routine PAP smears, a more general female population was included. 
Without selection based on symptoms, Vieira-Baptista et al. found an overall 
presence of Candida in 33% of women (Vieira-Baptista et al. 2016). This number 
was confirmed in Brazil, where a prevalence of 27% was found (Brandolt et al. 2017). 


Vulvovaginal Candidiosis 


Figure 15.1 Different morphologies of Candida. Panel A: sperm heads without tail (black 
arrows), not to be confused with Candida blastospores, normal lactobacillary flora (grade 1), 
no inflammation; Panel B: blastospores (1500x magnification) with snowman sign (white 
arrow); Panel C: psseudohyphae, disturbed microscora (lactobacillary grade 3 with 
inflammatory cells - aerobic vaginitis); Panel D: mycelium or hyphae, discturbed microflora 
lactobacilllary grade 3). (See color plate section for the color representation of this figure.) 


In symptomatic women in China and the Middle East, the prevalence was 
estimated, respectively, around 12.5% (Wang et al. 2017) and 23-33% (Alfouzan 
et al. 2015; Hedayati et al. 2015; Rezaei-Matehkolaei et al. 2016; Ameen et al. 
2017; Fatahinia et al. 2017). 

In asymptomatic pregnant women, Candida was found in 30-45%, increasing 
with gestational age (Leli et al. 2013). Studies in Europe, North America, and 
South America showed a prevalence between 12% and 42% of pregnant women 
(Gondo et al. 2011; Mendling et al. 2012; Gunther et al. 2014; Genovese et al. 
2016; Marschalek et al. 2016; Mucci et al. 2016; Akoh et al. 2017). 


15.3.1.2 Symptomatic Infection 

According to the CDC (2015 update), about 75% of women will suffer at least 
from one episode of VVC. Between 40% and 45% of women will have more than 
one episode (Romero and Nygaard 2015) and 5-10% will suffer from recurrent 
attacks (four or more per year), resulting in a significant disease burden that 
affects the psychological and sexual life at a significant level. According to Lagrou 
et al. (2015) the prevalence of recurrent vulvovaginal candidiasis (RVVC) in 
Belgium would be 6% of women of reproductive age (Lagrou et al. 2015). Other 
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Table 15.1 Prevalence of symptomatic, acute episodic, and recurrent Candida vulvovaginitis in pregnant and nonpregnant women. 


Pregnant 
Nonpregnant women women 
Asymptomatic Symptomatic 
1st Author Year Country women women Recurrent VVC 
Akoh, C. (Akoh et al. 2017) 2017 USA 42.0% 
Jobe, K. (Jobe et al. 2014) 2014 Haiti 9.0% 
Denning, D. (Denning and Gugnani 2015) 2015 Trinidad 1.8% of population 
Mucci, M. (Mucci et al. 2016) 2016 Argentina 25.0% 
Gondo, F. (Gondo et al. 2011) 2011 Brazil 10.2% 
Gunther, L. (Gunther et al. 2014) 2014 Brazil 12.2% 
Brandolt, T. (Brandolt et al. 2017) 2017 Brazil 27.0% 
Villaseca, R. (Villaseca et al. 2015) 2015 Chile 11.9% 
Medina, N. (Medina et al. 2017) 2017 Guatemala 1.5% of population 
Corzo-Leon, D. (Corzo-Leon et al. 2015) 2015 Mexico 6.0% of women >15y 
Marschalek, J. (Marschalek et al. 2016) 2016 Austria 13.5% 
Lagrou, K. (Lagrou et al. 2015) 2015 Belgium 6.0% of women 
15-50y 
Mendling, W. (Mendling et al. 2012) 2012 Germany >20.0% 30.0% 
Genovese, C. (Genovese et al. 2016) 2016 Italy 33.8% 
Vieira-Baptista, P. (Vieira-Baptista et al. 2016) 2016 Portugal 33.0% 
Brooks-Smith-Lowe, K. (Brooks-Smith-Lowe and 2013 Spain 3.6% 


Rodrigo 2013) 


Chekiri-Talbi, M. (Chekiri-Talbi and Denning 2017) 
Zisova, L. (Zisova et al. 2016) 
Tilavberdiev, S. (Tilavberdiev et al. 2017) 
Wang, H. (Wang et al. 2017) 
Kalaiarasan, K. (Kalaiarasan et al. 2017) 
Venugopal, S. (Venugopal 2017) 

Meena, V. (Meena & Bansal 2016) 
Sopian, I. (Sopian et al. 2016) 

Beardsley, J. (Beardsley et al. 2015) 
Hamad, M. (Hamad et al. 2014) 
Fatahinia, M. (Fatahinia et al. 2017) 
Hedayati, M. (Hedayati et al. 2015) 


Rezaei-Matehkolaei, A. (Rezaei-Matehkolaei et al. 2016) 


Alfouzan, W. (Alfouzan et al. 2015) 
Ameen, F. (Ameen et al. 2017) 
Sanou, I. (Sanou et al. 2014) 

Mulu, W. (Mulu et al. 2015) 

Guto, J. (Guto et al. 2016) 


2017 
2016 
2017 
2017 
2017 
2017 
2016 
2016 
2015 
2014 
2017 
2017 
2016 
2015 
2017 
2014 
2013 
2016 


Algeria 

Bulgaria 

Uzbekistan 

China 

India 

India 

India 

Malaysia 

Vietnam 

Dubai 13.9% 
Iran 

Iran 

Iran 

Kuwait 

Saudi Arabia 21.0% 
Burkina Faso 20.0% 
Ethiopia 7.2% 


Kenia 


12.5% 
23.7% 
22.0% 
39.0% 


32.0% 
28.2% 
28.3% 
13.2% 
33.0% 


1.2% of population 


1.7% of population 


3.9% of females 


1.5% of population 


28.8% 


22.2% 


9.3% 
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studies found numbers that, extrapolated to the same group of women of 
reproductive age, end up around 5-8% (Beardsley et al. 2015; Corzo-Leon et al. 
2015; Guto et al. 2016; Chekiri-Talbi and Denning 2017; Medina et al. 2017; 
Tilavberdiev et al. 2017). In most cases, VVC is caused by C. albicans (90-95%), 
followed by C. glabrata and C. parapsilosis (55-10%) (Romero and Nygaard 2015). 
Through genetic research, other types of Candida are more frequently discov- 
ered in vaginal samples of women (Table 15.2). Besides the main species C. albi- 
cans (65-95%) and C. glabrata (21%) (Drell et al. 2013; Zhang et al. 2016; Fatahinia 
et al. 2017), the following species can be found in small amounts: C. krusei 
(up to 10%), C. dubliniensis (up to 13%), C. parapsilosis (up to 2%) and C. tropicalis 
(up to 3%) (Gamarra et al. 2014; Liu et al. 2014; Alfouzan et al. 2015; Nemes- 
Nikodém et al. 2015; Shi et al. 2015; Mucci et al. 2016). 


15.3.2 Risk Factors 


Often, the symptoms are more severe or only appear before menses, improve 
during and may aggravate after menses. Predisposing factors for acute (episodic) 
Candida infections are: systemic or local use of antibiotics, pregnancy, and 
uncontrolled diabetes mellitus. In some women, the use of oral contraceptive 
(especially with high estrogen dose), corticosteroids (or other immunity modu- 
lating drugs), long-term presence of an intrauterine contraceptive device (with 
or without levonorgestrel), genetic factors (see below), and (perhaps) (orogenital 
sex are risk factors for Candida vulvovagintis, but these are more involved in the 
transition to recurrent vulvovaginal infections. When women were asked in a 
questionnaire which intervention(s) made a difference in the severity of their 
RVVC, only changing contraceptive method, lowering sugar intake, not taking 
antibiotics, and adapting perineal care offered relief (Donders et al. 2011a). Other 
dietary factors, sports, sexual habits, and lifestyle adjustments did not make a 
difference. In over half of the RVVC cases, no risk factor can be identified. 
Recently, increased levels of stress, measured by the surrogate marker serum 
cortisol, and reduced antioxidant capacity, were found to be more pronounced in 
women with RVVC (Akimoto-Gunther et al. 2016). 


15.3.3 Sexual Transmission 


Despite the fact that candidosis is generally not considered to be a sexually trans- 
mitted infection (STI), the penile colonization is four times more frequent in 
partners of women with vulvovaginal candidosis, and is reported to be infected 
with the same strain. Typically, a sexual partner can experience redness and itching 
on the glans penis 24 hours after sexual intercourse, but this is usually self-limiting, 
and not a cause of regular reinfection. Also is oro-genital transmission well 
documented (Leon et al. 2002). 


15.3.4 Young and Elderly Women 


Most children with vulvovaginal symptoms, such as irritation or discharge, have 
no candidosis, as the risk of vulvovaginal Candida infection is very low, as long 


Table 15.2 Prevalence of vaginal non-albicans species in women with vulvovaginitis. 


% Iran Estonia Argentina USA China Hungary UK Dubai Kuwait 
2017 2013 2017 2014 2015 2014 2014 2015 2013 2014 2015 
Fatahinia, M. Drell, T. Mucci, M. Gamarra, S. Shi, X. Zhang,J. Liu, X. Nemes-Nikodem, E. Borman, A. Hamad, M. Alfouzan, W. 

Candida 65.0 67.6 80.7 85.2 91.4 67.4 85.0 85.5 94.8 83.0 73.9 

albicans 

C. glabrata 15.0 5.0 4.3 20.9 10.6 8.3 16.5 19.8 

C. krusei 5.0 9.7 7.3 0.5 2.6 1.0 

C. dubliniensis 12.5 0.5 3.8 2.5 3.4 

C. parapsilosis 1.3 19 1.1 1.5 1.0 

C. tropicalis 1.3 3.2 1.0 0.4 1.2 1.0 

C. Africana 1.8 

C. famata 0.4 

C. lusitaniae 0.1 0.4 

C. Kefir 19 

C. guilliermondii 1.0 

S. cerevisiae 3.3 0.7 0.4 0.5 
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as hormone production in puberty has not started. Children with a vulvar itch 
should therefore be carefully examined to exclude skin diseases such as eczema, 
psoriasis, and lichen sclerosus. Also in elderly women, the presence of Candida 
as a cause of symptoms is extremely rare, except in cases with diabetes, estrogen 
use, Trichomonas infection (also rare), or skin diseases. 


15.4 Pathogenesis and Immunity 


Similar to Lactobacillus species, Candida blastospores migrate from the lower 
gastrointestinal tract to the adjacent vestibule and colonize the vagina in low 
numbers after adherence of Candida to vaginal epithelial cells (Sobel 2016). 
A number of factors can contribute to transmission, such as oral sex between 
partners (Leon et al. 2002), and mother-to-newborn transmission through the 
maternal vaginal reservoir (Filippidi et al. 2014). The main host factors influencing 
switch to symptomatic disease include hormones, pregnancy, glucose metabolism, 
immunosuppression and antibiotic use, and genetic mutations, leading to poor 
defense against Candida (Gongalves et al. 2016). 


15.4.1 Hormones 


Colonization is enhanced by estrogen following menarche and declines in the 
postmenopause period (Sobel 2016), unless hormonal replacement therapy is 
prescribed (Gongalves et al. 2016). In healthy women not prone to RVVC, 
asymptomatic colonization may persist for months and years in symbiosis with 
vaginal microbiota (Sobel 2016); however, contraception choice could change 
RVVC prevalence. Hormonal and nonhormonal intrauterine device users are at 
risk for vaginal colonization with Candida (Donders et al. 2016, 2011b). The pos- 
sible mechanism of action could be colonization of the device, a foreign body. 
Progestin-only pills and subcutaneous implants have a tendency to increase vag- 
inal atrophy and had lower Candida carriage compared to IUD users (Donders 
et al. 2016). The decrease of luteal progesterone levels decrease leucocyte activity 
against Candida and were thought to be responsible for frequent recurrences of 
Candida (Donders et al. 2016). Researchers found significantly lower production 
of progesterone in serum as well as in urine in RVVC patients compared to 
healthy controls (Špaček et al. 2007) and confirmed that continued use of proges- 
terone could be advantageous for RVVC management (Spacek et al. 2017). 


15.4.2 Pregnancy 


Pregnant women are more frequently colonized by Candida, but at the same 
time seem to be less symptomatic (Leli et al. 2013). Recurrences occur mostly in 
the second and third trimester (Fardiazar et al. 2012). Decreased cell-mediated 
immunity, increased estrogen levels, and increased vaginal mucosal glycogen 
production may be involved in the severity and susceptibility of RVVC (Fidel 
et al. 2000; Gonçalves et al. 2016). The rising estrogen and progesterone levels 
during pregnancy facilitate adherence of yeast to mucosal epithelial cells 
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(Gongalves et al. 2016) and promotes hyphal formation and secretion of enzymes 
like as aspartyl proteinases and phospholipases (Ilkit and Guzel 2011). High 
estradiol concentration enhances cell-mediated T-helper (Th) response as well 
as humoral immune responses, while progesterone affects the balance between 
Th1 and Th2 responses (Fidel et al. 2000). 

Candida colonization is increased among pregnant smokers (Payne et al. 
2016). It has been reported that smoking is related to decreased estrogen con- 
centration in midcycle (White et al. 2001). Benzopyrene, found in trace amounts 
in the vaginal secretions of smokers, has also been shown to significantly induce 
Lactobacillus spp. prophages (Pavlova and Tao 2000). This would result in a 
decrease in numbers of vaginal Lactobacillus spp. due to cell lysis from lytic 
phages, potentially providing a more favorable environment for Candida spp. 


15.4.3 Impaired Glucose Tolerance 


Candida colonization is higher among hyperglycemic diabetic nonpregnant 
(Leon et al. 2002) and pregnant women (Masri et al. 2015). Hyperglycemia 
induces neutrophil dysfunction through stimulation of the mieloperoxydase 
activity, decreasing production of hypochlorous acid (Hclo), Candida phagocy- 
tosis and killing power (de Souza Ferreira et al. 2012). Animal research shows 
that other factors, the so-called xenoestrogens, can alter glucose metabolism in 
pregnant rats but not in nonpregnant rats (Alonso-Magdalena et al. 2015). These 
endocrine-disrupting chemicals also indirectly increase plasma estrogens by 
suppressing its hepatic clearance (El-Hefnawy et al. 2017). To our knowledge, the 
concentration of xeno-estrogens in pregnant humans with Candida infection 
has not been compared with healthy controls. 

Recurrent Candida vulvovaginitis has been associated with a higher body 
mass index in the absence of clinical or preclinical diabetes mellitus, but also 
with higher glucose concentrations after oral intake of 75g of glucose and with 
higher glycosylated hemoglobin levels in normal nonpregnant (Donders et al. 
2002), pregnant (Kelekci et al. 2004), as well as in diabetic women (Atabek et al. 
2013), compared to normal controls. It has been speculated that hyperglycemic 
patients’ secretions contain higher concentrations of glucose that serve as 
nutrients for Candida organisms (Sobel et al. 1981). However, plasma glucose 
concentrations did not correlate with its concentration in the vagina and did not 
differ between nondiabetic RVVC patients and controls (Ehrström et al. 2006). 
Furthermore, glucose levels in blood and vagina were not related to nonresponse 
to fluconazole maintenance therapy among women with normal body mass 
index (Grinceviciene et al. 2017). 


15.4.4 Genetic Predisposition 


Sobel and colleagues reported a fucose (6-deoxy-galactose) vaginal epithelial cell 
receptor and raised the hypothesis that it aids in adhesion of Candida to vaginal 
epithelial cells (Sobel et al. 1981). Genetic testing of mannose binding lectin 
(MBL) mutation showed the importance of fucose on microbial wall (Donders 
et al. 2008b). In patients with RVVC, polymorphisms of the MBL gene were 
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reported more frequently in several populations (Babula et al. 2003; Giraldo et al. 
2007; Donders et al. 2008b). Research on hysterectomized mice showed that 
cervical mucins carry alpha(1,2)fucosylated glycans that partly protect from 
experimental vaginal candidiasis (Domino et al. 2009). Most genetic defects con- 
tributing to chronic Candida infections are related to IL-17 pathway and C-type 
lecithin receptor changes (Puel et al. 2010; Huppler et al. 2012). The known 
genetic defects linked to increased risk of chronic/recurrent Candida vulvovagini- 
tis are listed in Table 15.3 and are briefly discussed here. 


15.4.4.1 STAT1 Gain of Function Mutations 

STAT1 gain of functions mutation is inherited in an autosomal dominant way 
and is related to chronical mucocutaneus candidosis (Wang et al. 2016). Wild 
signal transducer and activator of transcription 1 (STAT1) translocates to the 
nucleus and triggers the transcription of IFN-inducible genes (Wang et al. 2016). 
Mutated STAT1 is hyperphosphorylated (Liu et al. 2011) what increases y — INF 
signaling (Chen et al. 2009). High levels of y- INF are related to a strong inhibi- 
tion of the Th17 differentiation, followed by decreased IL-17 production (Chen 
et al. 2009) and deficient IL-5, IL-13, IL-9 production, (Perumal and Kaplan 
2011; Becker et al. 2016). Low interferon (IFN) y has been observed in RVVC 
patients (Eyerich et al. 2007). Half of these patients have recurrent vulvovaginitis 
caused by Candida; most of them — recurrent oral, dermal, and candidiosis 
(Becker et al. 2016; Depner et al. 2016). Despite colonization of gastrointestinal 
upper and lower part, Candida is not observed in the small intestines (Depner 
et al. 2016). More than half of patients respond to azoles very well, but most of 
them needed continuous regimen for relapse prevention (Depner et al. 2016). 


15.4.4.2 CARD9 

CARD9 is expressed in myeloid cells receptors (Gross et al. 2006; Wang et al. 
2016). CARD9 is important for recognition of a fungal cell wall component 
zymosan and activation of Th 17 (Gross et al. 2006; Wang et al. 2016). Patients 
with the mutation had significantly reduced numbers of Th17 cells (Glocker 
et al. 2009; Wang et al. 2016). Clinical outcome depends on genetic polymor- 
phisms: some homozygous patients die from invasive candidosis in childhood, 
others develop Candida meningitis between 7 and 39 years (Glocker et al. 2009; 
Lanternier et al. 2015). RVVC onset can be from childhood until any later age, 
up to 36years of age (Lanternier et al. 2015). Continuous treating with keto- 
conazole, fluconazole was effective for candidosis prevention (Glocker et al. 
2009; Lanternier et al. 2015), but topical treatment was not effective (Glocker 
et al. 2009). 


15.4.4.3 AIRE Mutation 

AIRE mutation causes an autosomal recessive autoimmune disease (Huppler 
et al. 2012; Wang et al. 2016). Patients have auto-antibodies against IL-17A, 
IL-17F, and IL-22 (Sonal et al. 2012). Auto-antibodies contribute to multiple 
organ failure due to destruction of the adrenals, parathyroid glands, ß cells of 
islet of Langerhans, stomach, and small intestine (Sonal et al. 2012). The autoim- 
mune reaction leads to dental enamel dysplasia, nail dystrophy, alopecia, ovarian 


Table 15.3 Known genetic abnormalities influencing occurrence and severity of RVVC. 


Manifestation, 


Gene Immunologic phenotype Proportion age (y) Co-morbidity Therapy Response Ref. 

STAT1 Impaired IL-17A and IL-22 RVVC is 1-24 Chronic Oral fluconazole, Development (Toubiana et al. 
production and TH17 among 56% mucocutaneus long term for resistance to azoles 2016) 
differentiation candidiasis more than a half 

CARD9 Reduced TNF-a production and ? early childhood Chronic Ketoconazole, Topical — no response, (Glocker et al. 
circulating IL-17 producing cells -42 mucocutaneus Fluconazole oral — maintenance 2009) 

candidiasis continuous therapy. 

AIRE Autoantibodies against IL-17 ? 1-10 APECED ? ? (Husebye et al. 

and IL-22 2009; Meloni et al. 
2012) 

IL-12RB1 Loss of function of IL-12 and Sporadic 4-26 Chronic Topical treatment Response very wellto (Ouederni et al. 
IL-13 receptor, diminished cases 3/71 mucocutaneus topical 2014) 

IFN-y and IL-17 candidiasis, 
mycobacterial and 
viral infections 

Detecin-1 Cytokine responses deficiency of ? Hetero — 40-55 Candida colonization Oralandtopical ? (Jaeger et al. 2013) 
B-glucan recognition Homo 10-12 onychomycosis 

MBL2 Reduced vaginal MBL level 38.1% in 2 Intra-abdominal Oral fluconazole Good (Babula et al. 2003, 

RVVC candidiasis 2005; Donders 
patients et al. 2008b) 

IL-4 Increased vaginal Il-4, reduced RVVC ? Chronic disseminate ? ? (Jaeger et al. 2013) 
NO and MBL levels 76.2% candidiasis 

CIAS1/ Impaired IL-1ß production 30.6% $ Vulvovestibulitis Ke 2 (Lev-Sagie et al. 

NLPR3 RVVC has 2009; Jaeger et al. 

mutation 2013) 
FUT3,FUT2 Lewis Phenotype, unknown 67% of unknown z ? ? (Chaim et al. 1997) 


carriers 
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failure, vitiligo, development of diabetes mellitus, testicular failure, and 
hypothyroidism (Ponranjini et al. 2012). Most of patients have oral candidosis; 
half of women suffer from vulvovaginal disease (Ponranjini et al. 2012). These 
patients also could develop symptomatic intestinal candidosis (Ponranjini et al. 
2012). The classic triad of this disease is chronic mucocutaneous candidosis, 
typically presenting by age 6, hypoparathyroidism, and adrenocortical failure 
(Puel et al. 2010; Huppler et al. 2012). Anti-IFN-w autoantibodies or genetic test- 
ing is used for diagnosis (Sonal et al. 2012). 


15.4.4.4 NALP3/CIAS1 

The NALP3/CIAS1 gene is important for neutrophil recruitment and inflamma- 
tion in vaginal candidosis (Lev-Sagie et al. 2009; Borghi et al. 2015). Patients have 
an altered NALP3-containing inflammasome with reduced biological activity 
(Babula et al. 2008), which is negatively regulated by the IL-22 and IL-1Ra (Borghi 
et al. 2015). These women were suspected with recurrent vulvovaginal candido- 
sis and diagnosed with vulvar vestibulitis syndrome (today called localized 
provoked vestibulodynia) (Babula et al. 2008). 


15.4.4.5  Interleukin-4 

A mutation of the IL-4 genotype at position 589 decreases the vaginal concentra- 
tions of IL-4 and MBL, which are important for a vaginal innate immune response 
against infection (Babula et al. 2005). IL-4 inhibits NO production by activated 
macrophages, needed to produce toxic radicals to kill Candida (Cenci et al. 
1993) and releasing proinflammatory cytokines (Kalo-Klein and Witkin 1990). 
This process stimulates the release of IFN-y, which blocks germ tube formation 
of C. albicans (more invasive fungal form) (Kalo-Klein and Witkin 1990). 
Reduced vaginal levels of IL-4 are related to development of RVVC (Kalo-Klein 
and Witkin 1990). 


15.4.4.6 Dectin-1 

Defect of dectin-1 receptors is pattern recognition (innate non-toll-like receptor — 
TLRs) (Gross et al. 2006). It recognizes zymosan (Gross et al. 2006), a product of 
the yeast cell wall, composed of B(1,3)-glucans, B(1,6)-glucans, «-mannans, and 
mannoproteins (Gow et al. 2007; Ferwerda et al. 2009; Zhang et al. 2016). 
Dectin-1 is important for presenting fungal B-glucan ligands to TLR2 at the cell 
surface/ in the phagosome (Dennehy et al. 2008). Mutated dectin-1 is poorly 
expressed, causing a defective production of cytokines (IL-17, TNF, and IL-6) 
(Huppler et al. 2012) IL-10 (Gow et al. 2007). 

Heterozygous patients usually suffer from late onset of symptoms (age 40 or 
older) and may have chronic or transient onychomycosis (Trichophyton rubrum), 
but not RVVC (Ferwerda et al. 2009). However, the onset of symptoms among 
homozygous is earlier (age 9); most patients have chronic onychomycosis and 
RVVC, without invasive candidosis (Ferwerda et al. 2009). 


15.4.4.7 Mannose-Binding Lectin (MBL) 
Mannose-binding lectin (MBL) is a C-type serum lectin (Eisen and Minchinton 
2003) that binds to mannose and fucose (Donders et al. 2008b). The protein 
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binds to mannans C. albicans recognized by the mannose receptor and TLR4 
and mediates the cytokine production against yeast (Babula et al. 2003; Donders 
et al. 2008b). The gene polymorphism producing MBL2 codon 54 allele B leads 
to the production of rapidly degradated mannose-binding protein (Eisen and 
Minchinton 2003) and decreased TNF-a production (Babula et al. 2003). This B 
allele is more prevalent in RVVC patients than in controls (Babula et al. 2003; 
Eisen and Minchinton 2003; Donders et al. 2008b). 

These patients have higher probability to develop infection, such as sepsis 
(Auriti et al. 2017), especially in immunocompromised situations, such as 
co-morbidity of cystic fibrosis (Olesen et al. 2006), chemotherapy, and after 
transplantation (Eisen and Minchinton 2003; Auriti et al. 2017). Also, they have 
a higher risk for primary vulvovestibulitis after first sexual intercourse (Babula 
et al. 2003). On the other hand, patients with such inefficient MBL production 
had superior response to fluconazole maintenance therapy, providing an optimal 
therapy for them (Donders et al. 2008b). The MBL2 codon 54 gene polymor- 
phism also offers advantages in nature: affected pregnant women have a lower 
probability of developing preeclampsia, intrauterine growth retardation, and 
HELLP syndrome, named for three features of the disease (hemolysis, elevated 
liver enzyme levels, and low platelet levels) (Sziller et al. 2007). HELLP syndrome 
is a life-threatening condition that can potentially complicate pregnancy. 
Nonpregnant individuals have lower probability to develop transplant rejection 
or diabetic nephropathy (Auriti et al. 2017). 


15.4.5 Other Factors Affecting Pathogenesis 


Other factors include acquired immunosuppressive diseases, such as AIDS, and 
during chemotherapy or corticosteroid use and are related to RVVC, because 
they alter the immune system. Antibiotic use is seen as a factor altering host 
microflora and, in particular, Lactobacillus spp., thereby permitting Candida 
acquisition and overgrowth (Nyirjesy and Sobel 2013). 


15.5 Symptoms and Signs 


15.5.1 Acute/Episodic Infection 


Infection of the vaginal mucosa with Candida is seldom seen without concomi- 
tant vulvitis (Figure 15.2) and vice versa (Donders and Sobel 2017). The most 
typical and predominant complaint is vulvar and intravaginal itch. Other typical 
symptoms of vulvovaginal Candida include “cottage cheese-like” vaginal discharge 
or nonodorous white to yellowish “abnormal” vaginal discharge, vulvovaginal 
pain, and burning (Mendling et al. 2012; Romero and Nygaard 2015; Schalkwyk 
and Yudin 2015). Dysuria and mictalgia are often present as well as pain or 
uncomfortable feeling when attempting sexual intercourse. 

Vaginal and vulvar edema and erythema are common, and on the vulva, typical 
fissures are often present. Typically, these signs follow anterior—posterior direc- 
tions in the paraclitorial, interlabial, or perineal area (Figure 15.2a,b). Examination 
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with a speculum typically reveals adherent clumps of white secretions that can 
attach to the vaginal wall, which can cause slight bleeding upon removal 
(Figure 15.2c). However, a fluid, milky discharge is also common. There is usually 
either no smell or a rancid smell that resembles sour milk. If sexual intercourse 
took place, the male partner may suffer from redness and small buttons at the 
glans penis, which might be itchy. These complaints typically appear one day 
after sexual intercourse. 

Besides the symptom of itching, the vulvovaginal symptoms and signs are 
pretty nonspecific and request further examinations before starting treatment. 


15.5.2 Recurrent Vulvovaginal Candidosis 


RVVC is defined as the occurrence of 3 or more clinical episodes of vulvovaginal 
infection during one year, with at least one episode proven with unequivocal 
microscopy and/or positive fungal culture. Symptoms can be much less pro- 
nounced and are rather described as stinging, burning, and intermittent itching 
of the vulva and/or vagina. Often, vulvar erythema and the feeling of a “swollen 
vulva” is present to some extent, but diagnosis is often much more subtle than in 
sporadic (episodic) cases. Upon further questioning, a pattern can be discovered, 
suggesting relapses that typically occur in the premenstrual period, and some- 
times following sexual intercourse. In the latter case, this often leads to the sus- 
picion that the sexual partner is responsible for frequent relapses, leading to 
erroneous cotreatment of that partner. 


15.6 Diagnosis and Differential Diagnosis 


15.6.1 Clinical Signs 


Inspection of the vulva is crucial, not only to find positive clues to support the 
diagnosis, such as the presence of typical excoriations/fissures (see above) in the 
presence of redness and/or edema, but also to exclude other causes of itching like 
psoriasis, eczema, or lichen sclerosus, which all occur rather frequently in women 
in their fertile age. In untreated, longstanding disease, pink, and mildly flaking 
lesions can be seen around the vulva, like little islands. 


15.6.2 Clinical Examination 


Use of a speculum is usually painful in women with acute infection, so care 
should be taken to use a small speculum, lubricated with some water, and brought 
in with gentle care, while observing your patient’s face in order not to hurt her 
unnecessarily. Disposable plastic specula can be used, but they have the disad- 
vantage of causing more friction than sterile metal specula. Lubrication with gel 
is not advised due to the disturbance of the microscopic examination that will 
follow. If use of a speculum is painful, a cotton swab can gently be inserted for 
microscopic examination, pH measurement, and if necessary, mycological 
culture. If the speculum is placed, attention should be given to the presence of 
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Figure 15.2 Clinical appearance of Candida vulvitis. Panel A: typical fissures at 6 o'clock at the 
perineum (two arrows); Panel B. edema, lichenoid skin (ellips) and fissure at 12 o'clock (black 
arrow); Panel C. Vaginal discharge in patient with acute vulvovaginal candidosis. (See color 
plate section for the color representation of this figure.) 


redness, edema of the rugae, adherence of liquid discharge (described previously), 
and the potential presence of ulcerations or maculae, which might point to aerobic 
vaginitis or trichomonas infection rather than to Candida. A normal-appearing 
pink vagina, on the other hand, can suggest noninfectious pathology or bacterial 
vaginosis as a more likely diagnosis. 

In acute cases with an evident trigger, such as pregnant state or post-antibiotics 
(up to three weeks after intake), these clinical findings may reach to start antifungal 
therapy. However, in most other cases, extra examination is necessary to confirm 
the diagnosis and detect potential coinfections. 


15.6.3 Wet Mount Microscopy 


Microscopic examination of fresh vaginal fluid (the so-called “native prepara- 
tion”) is an essential part of a proper examination of a patient with vulvovaginitis 
(Figure 15.3). The vaginal swab is evenly spread over a glass slide to which a small 
droplet of saline is added. Gently a cover slip is brought on top, while preventing 
air bubbles to slip underneath it. With a tissue, the excess fluid is absorbed while 


307 


308 | Diagnostics to Pathogenomics of Sexually Transmitted Infections 


ReCiDiF trail schema 


4 clinical 
episodes of 
Candida/year 


3 x 200 mg fluconazole 
during 1 week 


Microscopy — 
Symptoms — 
Culture - 


200 mg fluconazole 
once/week x 8 weeks 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


Not OK 


200 mg fluconazole 
once/2 weeks x 4 mths 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


200 mg fluconazole 
once/month x 6 mths 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


End of treatment 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


LY WY 


Donders. Individualized decreasing-dose maintenance 
fluconazole regimen for recurrent vulvovaginal candidiasis. 
Am J Obstet Gynecol 2008. 


Figure 15.3 Schematic flow chart of individualized degressive dose regimen with fluconazole 
for recurrent vulvovaginal candidosis (Donders et al., 2008). (See color plate section for the color 
representation of this figure.) 
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pressing the cover slip firmly onto the glass slide. This object is examined with a 
bright light microscope, allowing 400 times magnification, and preferable 
equipped with phase contrast facilities, improving the quality of reading dra- 
matically (Donders et al. 2009). In case of doubt, after this, a droplet of 10% KOH 
can be added to disrupt the epithelial cells and increase the visibility of Candida 
organelles. 

Typically, a 100 times magnification without phase contrast allows a good 
overview for picking up bunches of pseudohyphae better, followed by phase 
contrast at 400 times magnification for smaller details like budding or non- 
budding blastospores. If microscopy reveals (pseudo-) hyphae or blastospores, 
the diagnosis is confirmed, with specificity of 96—100%. The finding of blasto- 
spores may indicate C. albicans, but may also indicate non-albicans Candida. 
Multiple blastospores without the presence of pseudomycelium and when 
found in clusters on the epithelial cells often indicate a non-albicans species — 
most of the time, C. glabrata. The blastospores of C. parapsilosis and S. 
cerevisiae are larger than the C. glabrata blastospores. However, a negative 
microscopy does not exclude potential Candida infection, as the sensitivity is 
lower, in the range of 20-85%, depending on the experience and expertise of 
the microscopist. Inexperienced microscopists may in particular miss the 
blastospores, which can be very subtle and can mimic heads of sperm cells. In 
case of negative findings in a patient with suggestive symptoms or history, 
addition of methylene blue, staining according to Gram’s method and/or 
culture are requested (Figure 15.3). 

The advantage of the microscopy examination allows not only for differen- 
tial diagnosis with other infectious (aerobic vaginitis, bacterial vaginosis, 
trichomoniasis, cervicitis) and noninfectious pathology (cytolytic vaginosis, 
atrophy or other pathology with normal microflora), but also detection of 
mixed infections. Candida can coinfect with any other of the mentioned 
vulvovaginitis types. Furthermore, it allows assessment of the severity of 
inflammation, by assessing the proportional number and appearance of the 
leukocytes (Donders 2007). 

Differential diagnosis with sperm heads has to be made, especially when the 
spermatozoids have lost their tails (typically after 24 hours) and when the discon- 
nected tails are not to be seen in the neighborhood of the sperm heads. 
Blastospores can be distinguished from sperm by the slightly asymmetrical form, 
smaller at the top and somewhat broader at the bottom (where tail insertion 
would be), and by the typical bifocal color with increased density in the top due 
to the acrosome of the latter. 


15.6.4 Vaginal pH 


Measuring pH of the vagina can be normal (pH 3.8—4.5) in case of a noninflam- 
matory Candida infection with a normal microflora, but can also be increased in 
case of presence of sperm, blood, vaginal cream, bacterial vaginosis or aerobic 
vaginitis, or heavy inflammation, together with the Candida. Bacterial vaginosis 
and aerobic vaginitis are frequently associated with Candida, so that neither pH 
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nor the demonstration of presence or absence of lactobacilli enables any 
diagnostic premise. 


15.6.5 Vaginal Mycological Culture 


In case of negative microscopy in women with a history or symptoms suggestive 
for Candida infection, cultures are indicated. The best sensitivity is reached by 
use of a specific medium, such as a Sabouraud medium or chrome agar. Species 
typing is possible upon request as well as antifungal drug sensitivity testing, 
although the latter does not always correspond with the clinical outcome. 

As patients cannot always go to the clinical office during an acute episode, it 
often happens that microscopy and culture findings taken at a later time are neg- 
ative. In such cases, it was demonstrated that the harvest of a positive diagnosis 
(sensitivity) of RVVC increased from 17% to 85% by the use of self-sampling at 
home (Vergers-Spooren et al. 2013). Using that method, four to five swabs are 
given to the patient to take a culture swab from the vagina, either whenever she 
feels some symptoms or at a weekly interval for some consecutive weeks, and 
then she mails the swabs to the lab. 


15.6.6 Molecular Biology 


If the cultures fail to detect Candida, the PCR can detect low-grade or uncultiva- 
ble Candida microorganisms. However, as the meaning of such findings is not 
always clear and there is no standardized, validated molecular test marketed for 
this purpose yet, data about such potential are only for research purposes at this 
moment (Drell et al. 2013). However, care has to be taken not to overuse PCR, as 
in most cases with PCR-positive and culture-negative Candida a nonsignificant 
colonization may be present, without the need for treatment. In the United 
States, PCR testing for yeast is not Food and Drug Administration (FDA)-cleared, 
and also in Europe routine use is not accepted, so culture for yeast remains the 
gold standard for diagnosis. 


15.6.7 Histology 


Although histology reports now and then mention the presence of invading 
yeasts in the epithelium of skin or mucosa biopsies, it has no place in the routine 
diagnostic workout of a patient, unless a Candida infection is suspected to be 
superimposed on another diagnosis like eczema, focal vulvodynia, or lichen 
sclerosus. 


15.6.8 Differential Diagnosis 


VVC can occur concomitantly with STDs. Most healthy women with uncompli- 
cated VVC have no identifiable precipitating factors. Unfortunately, therapy is 
frequently installed without a diagnosis being made. Antifungal therapy neither 
cures lactobacillus overgrowth syndrome or symptoms, nor the other conditions 
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mimicking candidosis. This syndrome, also called cytolytic vaginosis, is known 
by its increased discharge, extremely acid pH, and abundant presence of lacto- 
bacillary morphotypes. The extreme acidity of 4.0 or less makes the epithelial 
cells disintegrate and leave bare nuclei and streaks of cytoplasm visible on the 
wet mounts. Treatment is not by antifungals but by trying to increase the pH, 
which decreases the sensation of burning. 

In case of recurrent redness and irritation of the vulva, the following potential 
diagnoses have to be considered: 


e Inadequate treatment of proven vulvovaginal candidosis 
e Concomitant infections such as trichomoniasis, bacterial vaginosis, or aerobic 
vaginitis 

Vulvovaginal atrophy 

Lichen sclerosus et atrophicus 

Psoriasis 

Contact-allergy 

Mucosal lichen planus 

Recurrent Herpes genitalis 

Morbus Behçet (with erosions) 

Chemical irritation 


15.7 Treatment 


15.7.1 General Principles of Treatment 


1) Candida species treatment is indicated only in case of presence of symptoms. 
Ten to 20% of reproductive age women with Candida species are asymptomatic 
and do not require therapy. 

2) Treatment of sexual partners is unnecessary. There is no medical contraindi- 
cation to sexual intercourse during treatment. 

3) Treatment can be systemic, local, or a combination. 

4) The treatment regimen will depend on: 

Severity of symptoms 

Frequency of episodes per year (history of recurrence) 

Type of infection (C. albicans or non-albicans species) 

Pregnancy 

Presence of poorly controlled diabetes, immunosuppression 


15.7.2 Treatment of Uncomplicated Acute Infection 


In case of uncomplicated infection, characterized by (i) infrequent episodes (less 
than 3 per year); (ii) C. albicans as most likely cause; and (iii) moderate symptoms 
(no skin involvement), patients will respond to treatment within a few days to a 
week (Sobel et al. 1998). 

The drugs of choice for the majority of women with uncomplicated infection 
are azoles. Azoles inhibit the enzyme converting lanosterol to ergosterol. 
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Depletion of ergosterol in the fungal membrane disrupts its structure and leads 
to inhibition of fungal growth (Sheehan et al. 1999). The group of azoles consists 
of imidazole, triazole, and thiazole antifungals. There are no differences in 
efficacy between vaginally applied imidazole derivates; neither does treatment 
duration matter (1-14 days). Therefore, single-dose treatment with a cheap imi- 
dazole drug (e.g. miconazole or clotrimazole) is preferable. Alternative vaginal 
products for uncomplicated candidosis are miconazole, clotrimazole, tiocona- 
zole, terconazole, butoconazole, or fenticonazole (Table 15.4). 

Fluconazole is a first-generation triazole antifungal medication that differs 
from earlier azole antifungals (such as ketoconazole) in that its structure contains 
a triazole ring instead of an imidazole ring. While the imidazole antifungals are 
mainly used topically, fluconazole and certain other triazole antifungals are pre- 
ferred when systemic treatment is required because of their improved safety and 
predictable absorption when administered orally. The triazoles have a broad 
range of applications in the treatment of both superficial and systemic fungal 
infections. Another advantage of the triazoles is their greater affinity for fungal 
rather than mammalian cytochrome P-450 enzymes, which contributes to an 
improved safety profile. It maintains therapeutic concentrations in vaginal secre- 
tions for at least 72hours after the ingestion of a single 150mg tablet, which 
makes possible single-dose regime to be effective. 

The quoted side effects of nausea, headache, and abdominal pain are in daily 
practice rather rare. Serious side effects are very rare, but a painful allergic skin 
rash can occur. Single-dose 150 mg fluconazole has similar efficacy to a three-day 
200 mg itraconazole treatment. With both drugs, potentially serious side effects 
should be considered when given in combination with other drugs, especially in 
elderly women, because of the risk of cardiac QT-prolongation. Co-treatment 
with drugs affecting the heart rhythm, ofloxacin, and azythromycin can therefore 
cause syncope (pointe de torsade). 

To improve distressing complaints, especially vulvar itching, faster adjuvant 
topical therapy can be given in the form of a clotrimazole or miconazole cream 
with added hydrocortisone. 

In women known to have relapses due to antibiotic therapy, prophylactic use of 
150-200 mg fluconazole at the start and/or halfway the antibiotic therapy 
episode can be useful. 


15.7.3 Treatment of Complicated Acute Infection 


Complicated infections are characterized by one or more of the following criteria 
(Sobel et al. 1998): (i) Severe signs/symptoms; (ii) Candida species other than 
C. albicans, particularly C. glabrata; (iii) Pregnancy, poorly controlled diabetes, 
immunosuppression, or debilitation; and (iv) History of recurrent (24/year) 
culture-verified vulvovaginal candidosis. 

Vaginal microscopy and cultures should always be obtained from women with 
complicated VVC to identify unusual species, especially non-albicans species, 
particularly C. glabrata. 


Table 15.4 Overview of frequently used medication for Candida vaginitis and RVVC. 


miconazole 


clotrimazole 


boric acid 


fluconazole 


itraconazole 


Brand name 


Gyno-Daktarin® 1200 mg vaginal 
capsule 


Gyno-Daktarin 400 mg vaginal 
capsules 


Gyno-Daktarin vaginal cream 
Canesten® 500 mg vaginal tablet 
Canesten 200 mg vaginal tablets 


Canesten cream, 10 of 20 mg/g 


Boric acid 600 mg vaginal capsule in 
gelatine 


Diflucan® (generic fluconazol) 
150-200 mg oral tablets 


Sporanox® (generic 
itraconazole)100 mg orale capsule 


Acute (sporadic) vaginal candidosis 


Single use 
Once in evening during three days 


1 applicator (5g) 1dd for two weeks 
Single use 
1 application (5 g) during three days 


1 vaginal applicator during three to six days 
and 2dd vulvar during one week 


One ovule in evening during two weeks 


Single dose 


2 dd 2 (200 mg) in one day or 200 mg 1 dd 
during three days 


Prophylactic maintenance therapy 


Twice monthly (Menstrual cycle day 5 and 20) 


Twice monthly (Menstrual cycle day 5 and 20) 


Sometimes in combination with fluconazole 
maintenance (C non-albicans) 


ReCiDiF regimen (individualized): 

Induction: 3 x 200mg during 1(-2) weeks 
Maintenance: (1) 200mg per week during 

two months, (2) 200 mg twice per month during 
four months, (3) 200 mg monthly during six months, 


with every time check to confirm negative clinical, 
microscopic and lab findings. 
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15.7.3.1 Severe Symptoms, C. albicans Vulvovaginitis 

Severe vulvitis (i.e. extensive vulvar erythema, edema, excoriation, and fissure 
formation) is associated with lower clinical response rates in patients treated 
with short courses of topical or oral therapy and even respond less well to main- 
tenance therapy (in press) (Figure 15.2). Either 7—14-days of topical azole or 150-200 mg 
of fluconazole in two to three sequential oral doses (second dose 72 hours after 
initial dose, or 200 mg every other day for one week) is recommended. To maintain 
clinical and mycological control, some specialists recommend a longer duration 
of initial therapy (e.g. 7-14 days of topical therapy or 200-mg oral fluconazole 
three times a week) to attempt mycological remission before initiating a mainte- 
nance antifungal regimen (Sobel 2016). 


15.7.3.2 Non-Albicans Candida Infection 

Treatment of infection caused by Candida species other than C. albicans (C. glabrata, 
C. krusei, C. triopicalis, C. parapsilosis) is more challenging and demands a 
different type of antimycotic medication, as these species are not sensitive for 
fluconazole or other azoles. 

The resistance mechanism employed by C. glabrata is to increase efflux of the 
azole drug from the cell, by both adenosine triphosphate (ATP)-binding cassette 
and major facilitator superfamily transporters. Gene mutations are also known 
to contribute to development of resistance. C. glabrata develops resistance by 
upregulating Candida drug resistance (CDR) genes, and resistance in C. krusei is 
mediated by reduced sensitivity of the target enzyme to inhibition by the agent. 

The following treatments are options for addressing non-albicans infections: 


e Echinocandins: For treatments of infection, caused by C. glabrata and C. krusei, 
ideally, echinocandins can be used. By noncompetitive inhibition of (1,3) 
beta-d-glucan synthase, glucan production is arrested, leading to damaged 
synthesis of the fungal cell walls. However, enichocandins such as caspofungin 
or micofungin are extremely expensive, making their use as a first or even 
second line treatment very unlikely. 

e Voriconazole: This is a triazole antifungal medication that is generally reserved to 
treat serious, invasive fungal infections. These are generally seen in patients who 
are immunocompromised, and include invasive candidosis, invasive aspergillosis, 
and certain emerging fungal infections. However, there is likely to be cross-resist- 
ance between fluconazole and voriconazole among C. glabrata isolates. This 
cross-resistance does not occur with C. krusei. Candida krusei is usually suscep- 
tible to echinocandins and voriconazole but is uniformly resistant to fluconazole. 
These isolates can also demonstrate high minimum inhibitory concentrations 
(MICs) to amphotericin B, and, for this reason, higher doses of this drug should 
be used for C. krusei infection (5mg/kg daily of lipid-based formulations). 

e Boric acid: Some experts now recommend vaginal boric acid capsules as a 
treatment option for vaginal yeast infections, particularly infections that can- 
not be cured by antifungal yeast infection medicines. Boric acid is the key 
ingredient in a variety of effective and affordable home remedies for some of 
the most common fungal infections, including athlete’s foot and vaginal yeast 
infections. It is also very widely used as a pesticide but is much less toxic for 
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humans and pets. The dose is 600 mg intravaginally for 14days, and use in 
pregnancy is prohibited due to case reports with teratogenicity. 

e Amphotericin B: This is an antifungal drug used for serious fungal infections 
and leishmaniasis. It was originally made from Streptomyces nodosus in 1955. 
It is on the World Health Organization's List of Essential Medicines, the most 
effective and safe medicines needed in a health system. It has been a highly 
effective drug for over 50 years because it has a low incidence of drug resist- 
ance in the pathogens it treats, but it is also well known for its severe and 
potentially lethal side effects. Intravenously administered amphotericin B in 
therapeutic doses has also been associated with multiple organ damage such as 
kidney damage and even heart failure. 

e Nystatine: In a study of 293 women with culture-proven Candida vaginitis, 
women were randomized in one group receiving three times 150 mg flucona- 
zole per week and another group receiving 20 MU vaginal nystatin during 
14 days. The cure rates among women infected with C. albicans was similar in 
both groups (82% vs 84%, respectively). However, in the women with non- 
albicans infection, cure rates were 65% for the nystatine group, versus only 
15% for the fluconazole group (Fan et al. 2015). Nystatine only works after 
local application and systemic application has no role in the treatment of vul- 
vovaginitis, nor does it treat “post-Candida hypersensitivity syndrome” 
(Lewith et al. 2007). 

e Flucytosin: In refractory cases, especially with C. glabrata, a combination of 
amphotericin B (100mg) and flucytosin (1g) has been tried during 14days 
with good success in three cases (White et al. 2001). The authors of this 
chapter report good successes with a 15% vaginal cream as well. 


15.7.3.3 Poorly Controlled Diabetes, Immune Suppression 

In women with diabetes or who are immunocompromised, the oral or topical 
azole therapy should be prolonged for 7—14-days. Regular checks with microscopy 
and/or cultures are mandatory, and a long-term prophylactic maintenance 
regimen is often necessary. 


15.7.3.4 Pregnancy and Breastfeeding 
During pregnancy, oral azole therapy is not given, especially during the first 
trimester, because of its impact on miscarriage risk. 

A cohort study of over 3300 women who received 150-300 mg oral fluconazole 
between 7 and 22 weeks of pregnancy reported an approximately 50% increased 
risk of miscarriage in exposed women compared with either unexposed women 
or women treated with vaginal azole therapy (Molgaard-Nielsen et al. 2016). 

Fluconazole has been reported to be excreted in human milk. Available data 
suggest that the dose that the infant is exposed to through breastfeeding (<0.6 mg/ 
kg daily) is lower than the dose used for systemic treatment (1-12 mg/kg daily in 
premature infants and 3-12 mg/kg daily in infants) in the pediatric age group, 
which has been shown to be well tolerated in different studies (Egunsola et al. 
2013). Therefore, fluconazole is considered compatible with breastfeeding. If the 
mother is receiving a high dose or prolonged treatment (weeks to months) for 
systemic mycosis, monitoring liver function of the infant should be considered. 
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15.7.4 Recurrent Vulvovaginal Candidiasis (RVVC) 


This group of patients might need longer courses of therapy with subsequent 
maintaining dosing of fluconazole (Figure 15.4). 
There are two validated regimens of fluconazole maintenance treatment: 


1) Oral fluconazole (i.e. 100 mg, 150 mg, or 200 mg dose) weekly for six months 
(Sobel et al. 2004). 
2) Individualized decreasing-dose maintenance regimen (Donders et al. 2008). 


During the period of maintenance treatment, breakthrough episodes of sympto- 
matic vaginitis are rare and vaginal cultures usually remain negative. However, 
even after a prolonged period of clinical remission, on cessation of fluconazole, 
approximately 50% of women will relapse with a culture positive episode of RVVC 
within three to four months, even in the absence of a triggering event (Figure 15.4). 

Instead of fluconazole being used in a fixed dose for six months (Sobel et al. 
2004), Donders et al. adjusted the dose according to the clinical and mycological 
status of the patient (see Figure 15.1) (Donders et al. 2008). It was confirmed that 
the use of this individualized, degressive regimen with oral fluconazole can lead 
to efficient prevention of recurrences in the long term, without increasing the 
total dose of formerly approved regimens (Matheson and Mazza 2017). In this 
ReCiDiF regimen, where the same amount of drug is used as in Sobel’s regimen 
(Sobel et al. 2004), we convincingly demonstrated that the power of a regimen for 
RVVC does not come from the product chosen, or the number of patients you 
include in the trial, but rather, from proper, personalized care. Indeed, as some 
patients rapidly and fully respond to maintenance therapy of weekly fluconazole, 
continuation of the same dose (150-200 mg weekly) may be superfluous and 
unnecessary. Hence, the program foresees checking all women after eight weeks, 
with evaluation of the clinical achievements, fresh wet mount microscopy 


fluconazol 150-200 mg 
oral once (or Sa 
vaginal treatment) 


Decreasing dose 
regimen (ReCiDiF) 


Recurrent 
24 times per 
year 


Check for non- 
albicans species 


and risk factors ea 


Non 
responders 


Suboptimal 
response 


e boric acid, amphotericine B, flucytocine, gentian violet, caspofungin or 
combined therapy 
e Check for diabetes and immune suppression, stop hormonal contraception 


Figure 15.4 Flow chart of approach of a patient with recurrent vuvilovaginal candidosis 
(Donders et al., 2010). (See color plate section for the color representation of this figure.) 
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findings and Candida culture results, in order to diminish their rhythm of 
fluconazole treatment to biweekly intake instead of weekly, provided the results 
are negative on all three tests (Figure 15.1). After a period of four months this is 
repeated to assess if further decrease to a once monthly intake is allowed, for a 
period of sixmonths, before stopping the program can be considered. The 
advantage of this is not only that the total dose of fluconazole used is dimin- 
ished in those patients who can, but also that patients feel the commitment of 
their treating physician to find the lowest efficacious dose possible for them, 
exactly as you would do in any other chronic illness for which preventive, main- 
tenance treatment is indicated. But also patients responding less well (subopti- 
mal responders) still stay happy as their disease remains well controlled by the 
lowest dose found adequate for them. In a recent systematic review this regimen 
was elected as a preferred regimen due to its superior achievement (Matheson 
and Mazza 2017). 


15.7.4.1 Azole-Resistant C. albicans 

Increasing use of short-course antifungal therapies in patients with recurrent 
vulvovaginitis and long-term maintenance regimens increase fears of emerging 
resistance of yeast strains against fluconazole (or azoles in general). Luckily, so 
far, in most large clinical series, no clinical evidence of increasing resistance pat- 
terns became evident. However, close surveillance is warranted, as some findings 
indicate a shift toward the more resistant C. africanis variant of C. albicans, 
which is encountered more commonly in women with recurrent disease than in 
women with sporadic Candida vaginitis. Also a shift toward a non-albicans spe- 
cies, with inherent resistance against fluconazole and other azoles, is often 
encountered in women with RVVC. 

In C. albicans, resistance occurs by way of mutations in the ERG11 gene, which 
codes for 14a-demethylase. These mutations prevent the azole drug from bind- 
ing, while still allowing binding of the enzyme’s natural substrate, lanosterol. 
Development of resistance to one azole in this way will confer resistance to all 
drugs in the class. 


15.7.4.2 Elimination of Risk Factors of Recurrence in RVVC Patients 

Women are often given advices from all sides on how to prevent Candida recur- 
rences. Often the accumulate don’ts — don’t wear certain clothes or underwear, 
don’t use soap, don’t engage in certain types of sexual intercourse, don’t eat cer- 
tain foods, don’t use certain contraceptive methods — reach a point where they 
can't live a normal life any longer. Such restrictions have a dramatic negative 
impact on women’s sexual, social, and psychological life, and women tend not to 
follow them. In the following section we summarize and discuss evidence of 
some behavioral and lifestyle changes. 


15.7.4.2.1 Sex Hormones in Contraceptives and Menopausal Replacement Therapy 

Vulvovaginal candidiasis appears to occur more often in the setting of 
increased estrogen levels, such as oral contraceptive use (especially when 
estrogen dose is high), pregnancy, and menopausal estrogen therapy (Cheng 
et al. 2006). On the other hand, the disease is uncommon in prepubertal and 
postmenopausal women (not on hormone replacement therapy), i.e. when 
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estrogen levels in women are low. Another fact indicating estrogen dependency 
of VVC is the higher prevalence of VVC in pregnant women, especially in 
the last trimester when levels of sex hormones (estrogens and progestins) 
are more elevated. According to Leli et al. (2013), the colonization with 
Candida spp. occurs more frequently in pregnant compared to nonpregnant 
women (31.4 vs. 19.9%) and pregnant women are more often suffering from 
asymptomatic Candida spp. colonization than their nonpregnant counter- 
parts (46.5 vs. 16.0%). 

Mechanisms by which estrogen promotes VVC include increased 
Candida adherence to vaginal epithelial cells, augmentation of Candida 
germ tube formation and increased Candida hyphal length by estrogen 
(Fidel et al. 2000). 

Despite the knowledge from old studies that high estrogen dosed contra- 
ceptive pills are associated with more frequent episodes of Candida 
vulvovaginitis, and despite the fact that in clinical practice interrupting of 
the oral combined contraceptive pill often seems to help women suffering 
from frequent attacks to reduce their frequency, almost no literature can be 
found to substantiate that advice (Nelson 1997). When patients were asked 
which living habit adjustment improved their RVVC disease severity, the 
most frequent answer was “replacing the pill by nonhormonal methods” 
(Donders et al. 2011a). 


15.7.4.2.2 Influence of Lactobacilli on Effect of Treatment 

The data concerning the influence of lactobacilli on effects of treatment and 
prophylaxis of Candida is controversial. There is a theory that oral or vaginal 
administration of yogurt or other agents containing live lactobacilli decreases 
the rate of candidal colonization and symptomatic relapse. Matsubara et al. 
found that lactobacilli can negatively impact C. albicans yeast-to-hyphae dif- 
ferentiation and biofilm formation (Matsubara et al. 2016a). The inhibitory 
effects of the probiotic Lactobacillus on C. albicans entail both cell-cell inter- 
actions and secretion of exometabolites that may affect pathogenic attributes 
associated with C. albicans colonization on host surfaces and yeast filamenta- 
tion (Matsubara et al. 2016b). 

On the other hand, there is no evidence that women with recurrent vulvovagi- 
nal candidiasis have a vaginal flora deficient in lactobacilli — on the contrary, lac- 
tobacilli and pH are often well preserved in patients with Candida vulvovaginitis, 
especially the recurrent cases. According to a systematic review of randomized, 
controlled papers, probiotics could be valuable in selected cases of RVVC, but 
only after treatment with antimycotics or in combination with them (adjuvant 
therapy) (Matsubara et al. 2016a). 


15.7.4.3 Underlying Reasons for Failing Maintenance Therapy 

From very early on, it became clear that some women undergoing fluconazole 
maintenance therapy for RVVC, did not respond well and relapsed despite therapy. 
The reasons of such therapy failure can be categorized in three groups: 
(i) adaptation of the microorganism, (ii) inherent host factors; and (iii) environmen- 
tal factors/living habits. 
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15.7.4.3.1 Adaptation of the Microorganisms 

Of women demonstrating relapses during maintenance therapy, the rate of 
non-albicans strains rose from 1.5% ad initiation of the regimen to 10% during 
treatment in the ReCiDiF trial (Donders et al. 2008). As discussed above, some 
evidence of substrain switch toward a less sensitive strain of C. albicans may 
occur as well, although according to the definitions, no formal increase in resistance 
with clinical significance has been reported. 


15.7.4.3.2 Inherent Host Factors 

The genetic factors involved in the likelihood of having a less curable disease are 
discussed above. These should be considered in women not responding well to 
therapy, who were experiencing more frequent relapses, who were suffering from 
a younger age onwards, and who had tried a wider variety of drugs and therapies 
before entering the maintenance regimen (Donders et al. 2008). 


15.7.4.3.3 Living Habits 

The role of glucose intake as a potential source of RVVC has been a matter of 
debate for decades, and as already discussed might be one of the potential 
factors influencing the transition of sporadic to recurrent vulvovaginal can- 
didosis. However, whether it also influences the response to therapy has only 
recently been investigated. It was discovered that despite the higher likeli- 
hood that some patients with RVVC have less tolerance to glucose than 
healthy patients (Donders et al. 2008), impaired glucose tolerance was not a 
risk factor of nonresponse to maintenance fluconazole therapy (Grinceviciene 
et al. 2017). 

Also, women with an impaired innate immune response (aberrant mannose 
binding lectin polymorphism) were more likely to have RVVC, but nonrespond- 
ers less so than optimal responders (Donders et al. 2008b). Furthermore, the 
presence of atopy (eczema, asthma...) in personal or family history increased 
the chances not to respond well to therapy (Donders et al. 2018). Finally, nonre- 
sponders were more likely to be colonized with Candida in other locations than 
the vagina, especially anally and orally. Sexual habits such as oral or anal sex did 
not influence this finding (Grinceviciene et al. 2018). 

As a conclusion, the personalized ReCiDiF regimen to treat RVVC not only 
permits finding the lowest dose to remain symptom free, it also helps to explain 
why some patients need other, non-azole-based antimycotic therapy. 
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16.1 Introduction 


Tinea cruris and genitalis refer to the dermatophytic infection of inguinal folds 
and genitalia, respectively. Though the former is common, the latter is relatively 
rare as the capric acid present in scrotal skin is thought to have an inhibitory 
effect on the multiplication of arthrospores. Dermatophytes are a group of fungi 
that infect the keratin of skin, hair, and nails. Infection by dermatophytes is 
called as dermatophytosis or tinea. They are the most common cause of der- 
matomycosis worldwide. In Latin, tinea refers to larva. Tinea cruris/ inguinalis 
(synonyms — dhobi itch, gym itch, eczema marginatum, jock itch) is the derma- 
tophytic infection of the inguinal area, especially upper inner thighs and crural 
folds. Tinea genitalis/ pubogenital tinea refers to the dermatophytic infection of 
mons pubis, labia majora, and proximal penile shaft. Though both can coexist 
(autoinoculation, local spread), sexual contact is an important means of trans- 
mission for tinea genitalis. 

These are not classical sexually transmitted infections, but by virtue of pro- 
longed and intimate direct contact during sexual intercourse, they can poten- 
tially be transferred from infected patients to their partners. Tinea cruris 
classically presents as annular plaques with raised borders and central hyper- 
pigmentation. Tinea genitalis or pubogenital tinea can have variable clinical 
presentations and can present as well defined scaly plaques to follicular pus- 
tules, nodules and abscesses with kerion like morphology. Atypical bullous, 
scutulous, and pseudomembranous forms have been described. Apart from 
sexual intercourse, shaving, immunosuppression, and atopic eczema are impor- 
tant risk factors for acquiring tinea genitalis. Tinea cruris usually occurs in 
males and hot, humid weather, tight-fitting clothes, increased sweating, mac- 
eration, and diabetes are important risk factors. Strong clinical suspicion is 
required to diagnose tinea genitalis. Direct microscopic examination is a useful 
diagnostic test and should be done to substantiate the clinical diagnosis. Steroid 
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modified tinea or tinea incognito is quite common due to application of topical 
steroids and steroid-antifungal combinations due to incorrect diagnosis and 
easy availability of these drugs. Treatment resistant and chronic dermatophyto- 
sis cases are on rise. Itraconazole and terbinafine are effective treatment options 
along with topical agents like luliconazole, sertaconazole. Apart from pharma- 
cological treatment and compliance, general practice of good hygiene, loose 
clothing and screening of affected family members and their treatment are 
important points to keep in mind when treating these patients. 


16.2 Etiology and Epidemiology 


Trichophyton, Epidermophyton, and Microsporum are the three important gen- 
era of fungi that cause tinea. These fungi are deuteromycetes or imperfect fungi, 
i.e. they reproduce asexually and produce arthrospores. Trichophyton rubrum 
(the most common), Trichophyton mentagrophytes var. interdigitale, and 
Epidermophyton floccosum are common causative species of tinea cruris. 

Tinea corporis et cruris was the most common clinical type (seen in 27.2% 
patients) in a hospital-based study carried out in a tertiary care center in North 
India on 256 patients with dermatophytosis (Mahajan et al. 2017). The male: 
female ratio was 3 : 1, and 52.4% patients were found to belong to an age group of 
20-40 years. T. mentagrophytes was the most common species isolated (Mahajan 
et al. 2017). 

There has been a changing trend in causative species, with previous studies 
showing T rubrum to be the commonest cause, whereas, the recent studies have 
increasingly pointed toward T; mentagrophytes as the most common agent (Sahai 
and Mishra 2011; Mahajan et al. 2017). Distribution of dermatophytes in an area 
varies from time to time. While some species are restricted to certain geographi- 
cal areas, the same can vary, partly owing to increasing trends of interstate and 
international travel and migration (Mahajan et al. 2017). 

Tinea genitalis is infrequent, especially if present in absence of other locore- 
gional variants of tinea (Ginter-Hanselmayer et al. 2016). Tinea genitalis in 
increasingly being recognized as a separate entity and zoophilic organisms, 
especially Microsporum canis and T. interdigitale are the most common 
organisms that have been implicated in causing this subset of tinea. Luchsinger 
et al. reported T. interdigitale as the most commonly isolated species in 
their patients having genital tinea, whereas Romano and colleagues reported 
T. rubrum as the most common cause (Romano et al. 2005; Luchsinger 
et al. 2015). 

Various authors have also reported variable information regarding preexisting 
tinea affecting other body sites prior to involvement of genitals (Romano et al. 
2005). Some have reported preexisting tinea corporis, whereas some have 
reported onset of disease on the genitals itself (Luchsinger et al. 2015). In another 
study where 313 males with dermatophytosis were examined and investigated, 
involvement of the penis and/or scrotum was seen in 17 patients and 10 had 
coexistent tinea cruris. M. canis was the most common species isolated in this 
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study (Prohic et al. 2015). An Indian study reported penile tinea to be present in 
1% of 2200 dermatophytosis patients affected (Kumar et al. 1981). Hopkins and 
colleagues reported 7% and 19% patients with penile and scrotal tinea in 381 
dermatophytosis patients studied (Hopkins et al. 1947). 


16.3 Tinea Cruris as a Sexually Transmitted 
Infection (STI) 


In a study done with 169 commercial sex workers, 18.9% patients had evidence of 
tinea cruris (Bakare et al. 2002). Sharma et al. reported the presence of dermato- 
phytosis in family members in 30.9% cases, of which 9.4% were conjugal (Mahajan 
et al. 2017). Luchsinger and colleagues reported seven patients with genital tinea 
who had a history of recent travel to Southeast Asia (within the last two weeks). 
They all gave history of protected sexual contact (using barrier-contraceptive 
methods) with individuals harboring tinea cruris/genitalis. Additionally, there 
was a history of shaving pubic hair in five of them, and many had coexisting tinea 
cruris and corporis, too, but the onset of disease was in the genital area in all seven 
patients. T. interdigitale was the most common organism isolated (in six of seven 
individuals) and four patients developed cicatricial sequelae. In the reported 
case series, the authors stressed the potentially underappreciated role of sexual 
transmission in tinea cruris. 

Friction during sexual intercourse facilitates the transmission of tinea genitalis 
by direct contact. Tinea cruris/inguinalis should ideally be separated from tinea 
genitalis, and for both of them, it is important to recognize that though they can 
be potentially transmitted by sexual intercourse (primarily due to prolonged inti- 
mate direct contact with infected skin) like hepatitis C and amoebiasis, they can- 
not be considered primarily an STI since they do not fulfill the criteria to be 
defined as a primary STI i.e. sex — genital/genital-anal/oral-genital — per se, 
should be a route of transmission, and incidence or prevalence of the disease 
should be significantly affected by sexual behavior or practices, at least in some 
defined population (Handsfield 2007; Luchsinger et al. 2015). The same cannot 
be said for tinea, and, therefore, instead of being a primary STI, it is important to 
appreciate that this entity can be occasionally sexually transmitted. Use of con- 
doms is not protective for tinea genitalis. Severe inflammatory reactions can 
ensue after initiating antifungal treatment (Luchsinger et al. 2015). 


16.4 Transmission 


Direct transmission occurs via direct contact between infected and noninfected 
individuals, whereas, fomites in the form of towels, clothing, bedsheets, and 
other items help in indirect transmission. Presence of coexistent tinea manuum, 
pedis, and dermatophytic onychomycosis further increases the chances of trans- 
mission, and more often than not, multiple sites are involved simultaneously by 
dermatophytes. 
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16.5 Pathogenesis 


16.5.1 Environmental Factors 


The frequency of tinea cruris varies from one geographical area to another. It is 
attributable to the loco regional climatic conditions, with tinea cruris more prev- 
alent in warm and humid tropical climates like Indian subcontinent, with rela- 
tively lesser incidence in Western communities (Verma and Vasani 2016). 
Tropical weather favors sweating, especially in monsoons. Sweating causes mac- 
eration, especially in crural folds and enhances the penetration and germination 
of fungal spores. 


16.5.2 Agent Factors 


Dermatophytes are keratinophilic organisms and devour keratin. Proteases and 
fungolysins produced by dermatophytes help in their penetration into stratum 
corneum. These enzymes are also immunogenic. Dermatophytes produce man- 
nans that inhibit lymphocytes, especially T-helper 17 cells resulting in decreased 
production of Interleukin (IL)-17 and 22. 


16.5.3 Host Factors 


Tinea cruris is more commonly observed in young and middle-aged males. 
Anatomical contiguity of scrotum and inner thighs results in occlusion and a 
warm, moist environment (Gupta et al. 2003). The differences in clothing pat- 
terns, amount of perspiration, and type of work that males indulge in (athletics 
and occlusive sportswear), might add to higher prevalence of tinea cruris in 
males. 


e It is also commonly observed in obese individuals, where apart from sweating, 
increased apposition, and maceration, an important factor involved is inability 
to routinely observe the groins owing to obesity. 

e Tight-fitting and wet undergarments, overcrowding, bad personal hygiene, 
diabetes mellitus, and the presence of tinea pedis or onychomycosis further 
predispose an individual to develop tinea cruris. 


Despite extensive involvement of adjacent inguinal area by tinea, involvement 
of the scrotum is rare and the same can be attributed to the presence of abun- 
dant capric acid in the epidermal barrier of scrotum, which has fungistatic 
action (Romano et al. 2005). Shaving pubic hair causes mechanical disruption of 
epidermis and hair follicles. Both these factors facilitate transmission of derma- 
tophytes that usually reside in the stratum corneum into dermis along hair fol- 
licles and can result in Majocchi’s granuloma-like clinical picture usually 
encountered on the legs of females who shave their legs. Shaving and sharing 
shaving equipment is an important risk factor for transmission of tinea genitalis. 
Atopic dermatitis, diabetes and immunosuppression, and presence of tinea 
pedis, manuum, and unguium are other risk factors. Most importantly, sexual 
contact with a person having dermatophytosis is a strong, yet underappreciated 
risk factor for acquisition of pubogenital tinea. 
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16.5.4 Host Immune Response 


This includes both innate and adaptive immune response apart from nonspecific 
factors. 


1) Nonspecific inhibitor — includes the fatty acids produced by pityrosporum 
mediated lipolysis. 

2) Unsaturated transferring — People with low defensin beta 4 are more prone to 
develop dermatophytosis. 

3) Innate immunity — Beta glucans present in walls of dermatophytes bind to 
Dectin 1 and 2 followed by activation of toll-like receptor 2 and 4. This is 
followed by production of tumor necrosis factor (TNF) alpha. Decreased 
expression of toll-like receptor (TLR) 4 has been seen in disseminated derma- 
tophytosis. In addition, trichophytin stimulates neutrophils to release IL-8, a 
strong chemoattractant. 

4) Acquired immunity — Humoral immunity to dermatophytes is not protective. 
Resolution of dermatophytosis is mediated by delayed type hypersensitivity/ 
cell mediated immunity. Lack of delayed type hypersensitivity with presence 
of high levels of specific IgE and IgG4 are detected in patients with chronic 
dermatophytosis, which is responsible for positive immediate hypersensitiv- 
ity tests to Trichophyton. 


16.5.5 Clinical Features 


Itching is the predominant symptom. Chronic disease may result in lichenifica- 
tion of the area. Characteristically, the lesions present as progressing annular or 
polycyclic plaques with well-defined, raised margins and clear center. The border 
comprises minute papulovesicles, and the center is hyperpigmented. Initially 
affecting the genitocrural regions, the disease often spreads to involve buttocks, 
abdomen, and lower back (Figures 16.1 and 16.2). The penis and scrotum are 


Figure 16.1 Annular scaly plaques of tinea cruris et corporis without any genital involvement. 
(See color plate section for the color representation of this figure.) 
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Figure 16.2 Severe tinea cruris et corporis 
with tinea genitalis (involvement of penile 
shaft). (See color plate section for the color 
representation of this figure.) 


Figure 16.3 Isolated involvement of penile shaft in tinea genitalis, a rare occurrence. (See color 
plate section for the color representation of this figure.) 


usually spared. Perianal involvement may rarely occur and result in formation of 
aunilateral circinate plaque in perianal area that results in pruritus ani. Secondary 
bacterial infection can ensue and result in pustulation and yellowish crusting. 

Tinea genitalis usually presents as well-defined, scaly plaques affecting the 
mons pubis, labia majora, and proximal penile shaft (Figures 16.2 and 16.3). 
There may be associated follicular pustules and inguinal lymphadenopathy 
(Luchsinger et al. 2015). Due to the presence of pubic hair, Majocchi’s granuloma 
like clinical picture with inflammatory follicular pustules, nodules, and abscesses 
can be seen in people who shave their pubic hair. Although usually of the super- 
ficial erythrosquamous type, it can also result in severe inflammatory reactions 
(tinea genitalis profunda) that can result in kerion-like clinical picture. Boggy, 
erythematous, edematous, tender plaques with crusting, ulceration and scarring 
alopecia can occur (Bakardzhiev et al. 2016) (Figure 16.4). 
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16.5.6 Variants 


16.5.6.1 Tinea incognito 
Described initially by Marks and Ivy, this is 
dermatophytosis modified in morphology due 
to treatment with immunosuppressants, such 
as topical steroids and calcineurin inhibitors. 
Systemic steroids have lesser effect on the mor- 
phology and progression of tinea than their 
topical counterparts (Verma and Vasani 2016). 
Tinea incognito occurs due to misdiagnosis of 
tinea or, due to treatment of some coexisting 
dermatosis that needs treatment with immu- 
nosuppressants. Lax implementation of laws 
pertaining to drug regulation has resulted in 
numerous combinations of steroids, antifungals, 
and antibacterials readily available over the 
counter. Easy availability of combination creams 
and self-medication has caused steroid-modified 
dermatophytosis to become an increasingly Figure 16.4 Tinea corporis et 
alarming problem in India. Alteration of local cruris in a young girl. (See color 
immunity by corticosteroid application causes —_P/te section for the color 

i i representation of this figure.) 
change in morphology and symptoms. Raised 
margins, so typical of tinea, decrease, and so 
does the scaling. Decrease in scaling makes collection of material for laboratory 
diagnosis difficult. Other adverse effects of topical steroid abuse, like atrophy, 
striae, hypopigmentation, hypertrichosis, and telangiectasia may be apparent. In 
addition, such patients frequently involve the scrotum and penis — the sites that 
are very rarely affected in tinea cruris otherwise (Verma and Vasani 2016). 


16.5.6.2 Vesico-Bullous Tinea Cruris 

Tinea cruris lesions with bullous changes have been reported rarely. Fungal 
hyphae were found to be present in stratum corneum, and separation was 
found at the junction of stratum corneum and remaining epidermis. It is 
important to differentiate this presentation of tinea cruris from allergic con- 
tact dermatitis, autoimmune vesicobullous dermatosis, and bullous impetigo 
(Vinay et al. 2013). 


16.5.6.3 White Paint Dots and Pseudomembranous Tinea 
White paint dots and noninflammatory white pseudomembranes caused by 
Microsporum gypseum has been reported rarely (Tan et al. 2015). 
Asymptomatic slightly erythematous patches with fine scaling, erythematous 
papules; grouped flesh-colored papules with mild scaling, verrucous, and licheni- 
fied plaques are other clinical presentations of tinea on genitals (Romano et al. 
2005; Aridogan et al. 2011). White encrustations resembling favus or scutula 
have been reported rarely on scrotum. The causative agent identified were 
Trichophyton schoenleinii and M. gypseum (Prochnau et al. 2005). 
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16.6 Differential Diagnoses 


16.6.1 Candidiasis 


Candidal intertrigo is commonly observed in females. Margins are not well 
defined. Classical is the presence of several minute satellite pustules that rupture 
resulting in frayed edged fragile lesions. Other causes of intertrigo, such as 
Hailey-Hailey disease, bacterial intertrigo, and contact dermatitis due to dyes in 
clothing and deodorants should be excluded. 


16.6.2 Erythrasma 


Erythrasma is commonly asymptomatic and noninflammatory. Though well 
defined, the borders are not raised and there is no central clearing. It is common 
to observe other corynebacterial afflictions, including trichomycosis axillaris, in 
such patients. 


16.6.3 Hyperpigmented Pityriasis Versicolor 


It is also asymptomatic, and the margins are not raised. The wrinkled appearance 
and accentuation of scales on scratching is characteristic. Central clearing, so 
classical of tinea, is not observed. 

Psoriasis, discoid eczema, contact dermatitis, and Bowen’s disease are other 
important differential diagnoses to be considered when evaluating tinea on 
genitals (Romano et al. 2005). 


16.7 Laboratory Diagnosis 


Though usually clinically diagnosed, laboratory techniques including direct 
microscopy and cultures can be of value in case of doubt. Scales are the material 
of choice for examination. They are collected after the site is cleaned with spirit, 
with the help of the blunt edge of a scalpel. Collected scales are transferred to a 
slide or a paper if it has to be transported to a distant laboratory. Tinea incognito 
has reduced scaling, and sometimes requires cessation of ongoing treatment to 
facilitate appearance of scales and laboratory diagnosis. 


16.7.1 Direct Examination 


The material obtained is thus placed on a glass slide with a drop of 10-30% 
potassium hydroxide (KOH) on it, and covered with a coverslip. KOH leads to 
clearing of the debris by digesting proteins and lipid materials. The fungi have 
chitin in their cell wall, and they resist degradation by alkali — they stand out. 
These are visible as multiple, translucent, refractile, nonpigmented, branched, 
septate hyphae, or arthrospores. Candida has pseudohyphae on microscopy, 
which can simulate true hyphae of dermatophytes, but the presence of budding 
yeasts in Candida pseudohyphae helps to differentiate them from true hyphae of 
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dermatophytes. Gentle heating, addition of Parker Quink stain (or any blue- 
black fountain pen ink), and optical whiteners such as diaminostilbene facilitates 
the diagnosis, as dermatophytes preferentially take up these stains. 

KOH examination done in 256 patients with suspected dermatophytic infection 
revealed positivity in 211 samples (79.6%), whereas 139 samples were found to be 
positive when subsequently grown on culture (52.4% positive rate) (Mahajan et al. 
2017). The authors found sensitivity and specificity of KOH to be around 94.2 and 
31.8%, respectively, and that of culture was around 68.6 and 77.8%, respectively. 


16.7.2 Culture 


Though sensitive, culture on Sabaraud’s medium takes approximately four weeks 
to come positive. The medium is composed of 4% peptone, 1% glucose, agar, and 
water. It can be made more selective by addition of cycloheximide. Zoophilic 
species can be cultured more rapidly. 


16.7.3 Nucleic Acid Amplification Tests 


Polymerase chain reaction is a sensitive and specific technique that produces 
results in less time than conventional methods. Mass spectroscopy and PCR can 
help to delineate different strains of a species. 


16.8 Treatment of Tinea Cruris and Genitalis 


Extensive involvement should be treated with a combination of different group 
of drugs for wider coverage and also to prevent emergence of resistance. Drugs 
given for shorter duration with higher dose has lesser chance of development of 
resistance compared to a lower dose for longer duration. Drug with keratophilic 
and lipophilic property, when given in higher doses, will have reservoir effect and 
will lead to better mycological clearance (Sahoo and Mahajan 2016). 


16.8.1 Topicals 


Imidazoles (clotrimazole, miconazole, econazole, sertaconazole, luliconazole, 
eberconazole, and oxiconazole), triazoles (efinaconazole), allylamines (terbin- 
afine, butenafine, naftifine), amorolfine, and amphotericin B are available topi- 
cally. They can be given for localized disease for two to sixweeks. Topical 
antifungals with potent anti-inflammatory action such as sertaconazole or luli- 
conazole may be a better option than an antifungal-steroid combination (van 
Zuuren et al. 2015; Sahoo and Mahajan 2016). 


16.8.2 Systemic 


Efficacy of itraconazole and terbinafine has been found to be similar in a meta- 
analysis, and both were found to be better than griseofulvin. Terbinafine in a 
dose of 250 mg once daily or itraconazole 100-200 mg can be given for two to 
four weeks and one to two weeks, respectively (van Zuuren et al. 2015; Sahoo and 
Mahajan 2016). 


337 


338 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


16.8.3 Recalcitrant/Resistant Tinea: Pathomechanisms 
and Treatment 


Nonresponsiveness to conventional antifungals is showing an increasing trend 
worldwide (Mahajan et al. 2017). The patient who redevelops tinea within a few 
weeks of complete treatment is said to have recurrent infection, whereas a patient 
having dermatophytosis for more than sixmonths despite treatment is said to 
have chronic dermatophytosis (Dogra and Uprety 2016). In all such patients, it is 
important to rule out infection in other family members who have not been 
treated, since that becomes an important cause of reinfection. 

The reason for chronicity of dermatophytoses can be attributed partly to host 
factors that render an individual susceptible to dermatophyte infections and 
partly to decreased susceptibility of dermatophytes to antifungals (Dogra and 
Uprety 2016). First report of primary resistance to terbinafine was from Cleveland, 
Ohio, where minimum inhibitory concentration against T. rubrum was 4000 
times the usual value indicating primary resistance (Mukherjee et al. 2003). The 
isolates were fully cross resistant to other squalene epoxidase inhibitors also, 
indicating a target specific mechanism. 

Sharma et al. did antifungal sensitivity testing on 50 isolates for commonly 
used antifungals, and itraconazole was found to have the least minimum inhibi- 
tory concentration, followed by ketoconazole, terbinafine, fluconazole, and gri- 
seofulvin (Mahajan et al. 2017). The same study also found around 53% of the 
patients to have had dermatophyte infection for more than six months, indicat- 
ing chronicity. 


16.8.4 General Measures to Prevent Tinea Cruris 


The role of general measures like maintenance of good hygiene in the prevention 
of tinea cruris cannot be overemphasized. These measures include the following: 


e Prevent excessive perspiration, using topical powders. 

e Dry flexures completely after bath. 

e Wear loose-fitting garments and socks made of cotton or synthetic materials 
designed to wick moisture away from the surface. 

e Avoid walking barefoot and sharing garments (van Zuuren et al. 2015; Sahoo 
and Mahajan 2016). 


16.9 Conclusion 


Though tinea cruris is common, it is important to look for tinea genitalis in such 
patients, because zoophilc organisms are commonly involved and there are 
increased chances of severe presentation. Also, awareness needs to be increased 
regarding tinea genitalis and potential of sexual intercourse as an important 
method of its transmission. Patients should be educated about the importance of 
adhering to treatment and avoiding over-the-counter (OTC) drugs that could 
lead to unnecessary delay in correct diagnosis. At the last, screening of family 
members to prevent reinfection is important. New molecular techniques of 
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diagnosis are costly and are still limited to research centers. Until then, appropri- 
ate sampling and microscopic examination and cultures form the mainstay of 
diagnosis of tinea genitalis, which can have variety of clinical presentations. 


Acknowledgments 


We wish to thank Dr. Tarun Narang, assistant professor, Department of 
Dermatology, PGIMER, Chandigarh, for providing the clinical images. 


References 


Aridogan, I.A., Izol, V., and Ilkit, M. (2011). Superficial fungal infections of the male 
genitalia: a review. Crit. Rev. Microbiol. 37: 237-244. 

Bakardzhiev, I., Chokoeva, A., Tcherneyv, G. et al. (2016). Tinea profunda of the 
genital area. Successful treatment of a rare skin disease. Dermatol. Ther. 29 (183): 
181. 

Bakare, R.A., Oni, A.A., Umar, U.S. et al. (2002). Pattern of sexually transmitted 
diseases among commercial sex workers (CSWs) in Ibadan, Nigeria. Afr. J. Med. 
Med. Sci. 31: 243-247. 

Dogra, S. and Uprety, S. (2016). The menace of chronic and recurrent 
dermatophytosis in India: is the problem deeper than we perceive? Indian 
Dermatol. Online J. 7: 73-76. 

Ginter-Hanselmayer, G., Nenoff, P., Kurrat, W. et al. (2016). Tinea in the genital 
area: a diagnostic and therapeutic challenge. Hautarzt 67: 689-699. 

Gupta, A.K., Chaudhry, M., and Elewski, B. (2003). Tinea corporis, tinea cruris, 
tinea nigra, and piedra. Dermatol. Clin. 21: 395-400. 

Handsfield, H.,.H. (2007). Methicillin-resistant Staphylococcus aureus infections in 
sex partners: what is a sexually transmitted disease? Clin. Infect. Dis. 44: 1664. 5. 

Hopkins, J.G., Hillegas, A.B. et al. (1947). Dermatophytosis at an infantry post; 
incidence and characteristics of infections by three species of fungi. J. Invest. 
Dermatol. 8: 291-316. 

Kumar, B., Talwar, P., and Kaur, S. (1981). Penile tinea. Mycopathologia 75: 169-177. 
Luchsinger, I., Bosshard, P.P., Kasper, R.S. et al. (2015). Tinea genitalis: a new entity 
of sexually transmitted infection? Case series and review of the literature. Sex. 

Transm. Infect. 91: 493—496. 

Mahajan, S., Tilak, R., Kaushal, S.K. et al. (2017). Clinico-mycological study of 
dermatophytic infections and their sensitivity to antifungal drugs in a tertiary 
care center. Indian J. Dermatol. Venereol. Leprol. 83: 436—440. 

Mukherjee, P.K., Leidich, S.D., Isham, N. et al. (2003). Clinical Trichophyton 
rubrum strain exhibiting primary resistance to terbinafine. Antimicrob. Agents 
Chemother. 47: 82-86. 

Prochnau, A., de Almeida, H.L. Jr., Souza, P.R. et al. (2005). Scutular tinea of the 
scrotum: report of two cases. Mycoses 48: 162—164. 

Prohic, A., Krupalija-Fazlic, M., and Jovovic, S.T. (2015). Incidence and etiological 
agents of genital dermatophytosis in males. Med. Glas. (Zenica) 12: 52-56. 


339 


340 


Diagnostics to Pathogenomics of Sexually Transmitted Infections 


Romano, C., Ghilardi, A., and Papini, M. (2005). Nine male cases of tinea genitalis. 
Mycoses 48: 202—204. 

Sahai, S. and Mishra, D. (2011). Change in spectrum of dermatophytes isolated 
from superficial mycoses cases: first report from Central India. Indian J. 
Dermatol. Venereol. Leprol. 77: 335-336. 

Sahoo, A.K. and Mahajan, R. (2016). Management of tinea corporis, tinea cruris, 
and tinea pedis: a comprehensive review. Indian Dermatol. Online J. 7: 77—86. 

Tan, H., Lan, X.M., Zhou, C.J. et al. (2015). Indian J. Dermatol. 60: 422. 

Verma, S.B. and Vasani, R. (2016). Male genital dermatophytosis - clinical features 
and the effects of the misuse of topical steroids and steroid combinations - an 
alarming problem in India. Mycoses 59: 606-614. 

Vinay, K., Mahajan, R., Sawatkar, G.U. et al. (2013). An unusual presentation of tinea 
cruris with bullous lesions. J. Cutan. Med. Surg. 17: 224—225. 

van Zuuren, E.J., Fedorowicz, Z., and El-Gohary, M. (2015). Evidence-based topical 
treatments for tinea cruris and tinea corporis: a summary of a Cochrane 
systematic review. Br. J. Dermatol. 172: 616-641. 


17 


Trichomonas Vaginalis 
Barbara Van Der Pol 


School of Medicine, University of Alabama, Birmingham, AL, USA 


17.1 Introduction 


Trichomonas vaginalis is a sexually transmitted protozoan parasite that invades 
genital epithelia. The World Health Organization (WHO) estimates that the 
number of infections occurring globally each year each year exceeds those of 
chlamydia and gonorrhea combined: up from 174 million cases of trichomonia- 
sis in 1999 (World Health Organization 2001) to 276.4 million cases in 2008 
(World Health Organization 2012). Approximately 7 million to 8 million cases 
are estimated to occur annually within the United States (US) alone. These esti- 
mates are for overt, symptomatic disease and cannot account for asymptomatic 
infections. Infection with T vaginalis may cause trichomoniasis in women and 
urethritis in men. However, it is important to note that the majority of infections 
are subclinical with no patient-reported symptoms. Although this pathogen is 
recognized as a sexually transmitted infection (STI), unlike infections caused by 
Chlamydia trachomatis or Neisseria gonorrhoeae, reporting of trichomoniasis is 
not required by public health entities such as the Centers for Disease Control 
and Prevention (CDC) (Soper 2004). As a result of this lack of reporting, it is dif- 
ficult to estimate the actual prevalence of T. vaginalis infection. In fact, the latest 
WHO estimates utilized reporting and surveillance data more than in the past 
and as a result the trichomonas burden was likely grossly underestimated 
(Newman et al. 2015; World Health Organization 2016). 

This highly prevalent pathogen predominately affects women and may play a 
role in development of upper genital tract complications and cervical cancer, 
lead to adverse outcomes of pregnancy, and increase risk of HIV acquisition or 
transmission. Public health practitioners need to be aware of the likelihood of 
coinfection with other STI, diagnostic test performance, and appropriate 
treatment strategies in order to manage patients effectively. Each of these aspects 
of T. vaginalis will be presented in detail in the following sections. 
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17.2 Epidemiology of T. vaginalis 


Several factors limit our understanding of the epidemiology of trichomonas. 
First, since this infection is not monitored by public health agencies, there are 
few sources of reliable, population-based data. In studies that have reported 
testing in both men and women, the prevalence in women is 5 to 10 times higher 
than in men (Newman et al. 2015). Second, a commonly held belief is that infec- 
tion must result in symptomatic disease in women despite strong evidence to 
the contrary (Krieger 1995). Many healthcare providers have considered asymp- 
tomatic infection to be merely a nuisance rather than a threat to reproductive 
health. As a result, screening in asymptomatic populations has been uncom- 
mon. Despite very strong evidence regarding the negative effects of untreated 
infections, this dogma persists in many clinical settings, which results in a gross 
underutilization of screening and diagnostic tools. Thus, the majority of people 
tested for trichomonas are women with symptoms or attending an STI clinic 
that routinely provides such testing. The fact that most women diagnosed with 
trichomonas have symptoms, since women without symptoms are not screened, 
reinforces the assumption that all infections must cause symptoms. 

Another factor leading to a lack of depth in our understanding of the epide- 
miology of trichomonal infection is that prevalence data are predominately 
available from studies of conducted in special populations (e.g. HIV and STI 
studies in resource constrained areas of the world such as sub-Saharan Africa). 
As a result, reports of trichomonas prevalence may represent populations at 
elevated risk (i.e. symptomatic women or women from STI endemic regions of 
the world) and should be considered in the appropriate context. Finally, as will 
be described below, the diagnostic methods used to identify trichomonal infec- 
tion vary widely in sensitivity. Use of insensitive tests results in underreporting 
of infections. For those women who are evaluated for the presence of T. vagi- 
nalis, as many as 50% of cases may be missed depending on the diagnostic 
method used. This lack of detection of infection would suggest that in some 
cases, even in high-risk populations, the prevalence may be significantly under- 
reported. Therefore, despite reports of prevalence ranging from 2% to 47%, it is 
unclear whether these estimates over- or underrepresent the true prevalence of 
trichomonas within generalized populations. 

Studies of the epidemiology of T. vaginalis infection have described risk fac- 
tors similar to those identified for other STI. For review, see (Johnston and 
Mabey 2008; Poole and McClelland 2004). Risk factors include infection with 
other STI, previous infection with T. vaginalis, lower socioeconomic status, 
incarceration in a correctional facility, and sexual behaviors that increase risk 
of infections. These behaviors include higher numbers of sexual partners, 
inconsistent condom use, sex in exchange for money or drugs, and intrave- 
nous drug use. Patients with any of these risk factors should be considered for 
evaluations of infection with trichomonas. Higher prevalence rates have con- 
sistently been reported in black compared to white women in the United 
States (Miller and Zenilman 2005; Sutton et al. 2007) and elsewhere (Tipple 
et al. 2017). However, race may be a surrogate for underlying socioeconomic 
factors in these studies. 
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Importantly, unlike the classic age distribution seen with C. trachomatis, and 
to a less dramatic degree with N. gonorrhoeae, T. vaginalis prevalence appears to 
increase with age (Dragsted et al. 2001). In a multisite study performed in the 
United States using DNA-based diagnostic testing, the peak age for infection was 
40—44 years (Figure 17.1) (Van Der Pol and Williams 2002). A large, retrospective 
population-based study in China also demonstrated peak prevalence in women 
aged 35-45 (Zhang et al. 1995). The difference in age-specific prevalence rates 
may be an artifact of long-term carriage and underdiagnosis of trichomonas that 
results in a cumulative prevalence rate. If untreated long-term infection were the 
only cause of increased age-specific prevalence, this would predict a steady 
increase throughout all age groups. However, all studies that have examined age 
have found that prevalence rates decline after age 50. Further, no evidence of 
long-term infection has been shown. Changes in prevalence may be related to 
changes in susceptibility as a result of hormonal or other changes to the vaginal 
micro-environment as women age. More research is clearly needed to improve 
our understanding of the biological factors that may affect women’s risk of infec- 
tion with T. vaginalis, including the impact of other microbial community mem- 
bers. The vaginal microbiome may both affect susceptibility and be affected by 
the presence of active trichomonal infection (Brotman et al. 2012). 

The most informative estimate of prevalence and risk factors in the United 
States is collected as part of an ongoing study of adolescent and adult health in 
a nationally representative sample of people aged 14—49 National Health and 
Nutrition Examination Survey (NHANES). From this data set, the prevalence 
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Figure 17.1 Age-specific prevalence of Chlamydia trachomatis, Neisseria gonorrhoeae and 
Trichomonas vaginalis. The age-specific prevalence for C. trachomatis (CT), N. gonorrhoeae 
(GC), and T. vaginalis (TV) are shown from a multisite study of >1900 women. Gonorrhea rates 
are slightly higher in young women while chlamydia rates show the typical pattern of a 
definite peak for women less than 30. In the same women, trichomonas infection peaked 

in 35-50 year olds. (Source: Adapted from Van Der Pol (2002)). (See color plate section for the 
color representation of this figure.) 
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rates of C. trachomatis, N. gonorrhoeae (Datta et al. 2007), and T. vaginalis (Sutton 
et al. 2007) in women were estimated to be 2.5% (95%CI 1.8—3.4.%), 0.3% (95% CI 
0.2-0.4%), and 3.1% (95% CI 2.3-4.3%), respectively. The strengths of these data 
are the large sample size (2000-3500 participants), the representative sampling 
design, and the use of highly sensitive DNA-based diagnostic testing for all three 
organisms. These data support the global estimates that describe the prevalence 
of trichomonas as higher than that of chlamydia and gonorrhea combined. 
Given the shared mechanism of transmission, it is not surprising that T. vagi- 
nalis infection often occurs with other STI and reproductive tract infections 
(RTI) such as bacterial vaginosis (BV) and yeast (Candida spp.) infection. Similar 
to prevalence rates, coinfection rates are available only as rough estimates as a 
result of limited data available that include testing for all organisms and due to 
the poor performance of microscopy for detection of trichomonas in women 
with other vaginal or cervical infections. Clue cells — white blood cells with dis- 
tinctive microscopic appearance that are indicative of BV — and lymphocytes 
that are a major component of discharge are both similar in size to trichomonads 
and may obscure motility. As a result, BV and yeast infections that are concur- 
rent with trichomonal infections may hinder diagnosis of T. vaginalis. Women 
who are tested for STI, BV, or yeast infections should be evaluated for the pres- 
ence of trichomonas, and this evaluation may require more sensitive diagnostic 
methods than microscopy. This is now possible using molecular assays that can 
simultaneously detect all three of these conditions (Gaydos et al. 2017a). 


17.3 HIV and Trichomonas 


The relationship between HIV and discharge-causing STI is complex and bidi- 
rectional. Frequent coinfection of T. vaginalis with other STI and RTI and the 
shared mode of transmission add to the difficulty of understanding the exact 
effect of T. vaginalis on the risk of HIV acquisition and/or transmission (van de 
Wijgert et al. 2009). Interestingly, although little attention has been paid to 
trichomonal infection in men in the US, one of the first studies to identify a 
significant association between HIV and trichomonas was performed in men. 
Genital viral load has been shown to be one of the most important factors in 
predicting risk of HIV transmission within discordant couples. In men with 
symptomatic urethritis, T. vaginalis was significantly linked to increased con- 
centrations of HIV in seminal plasma (p = 0.022) (Hobbs et al. 1999). Men with 
trichomonas identified using DNA-based tests had sixfold increase in the con- 
centration of HIV in semen compared to men without trichomonas. Similarly, 
in a prospective study of 203 HIV-positive women, treating T. vaginalis led to a 
4.2-fold reduction in cell-free HIV viral load (p <0.001) (Wang et al. 2001). 
These results indicate that seropositive men and women should be screened 
and treated for T. vaginalis infection in order to reduce HIV transmission to 
their sexual partners. 

In a longitudinal study of women recruited from family planning clinics in 
Uganda and Zimbabwe, T. vaginalis was found to be more prevalent among 
HIV-positive women than among matched controls (11.3% versus 4.5%, p = 0.002) 


Trichomonas Vaginalis 


(Van Der Pol et al. 2008). Moreover, HIV-negative women receiving a diagnosis 
of T. vaginalis were nearly three times more likely to become infected with HIV 
within the following three months than women without trichomonas (adjusted 
OR 2.74; 95% CI, 1.25-6.00). These data were from a general population of 
women and support the findings of other studies in populations consisting pri- 
marily of female sex workers (Laga et al. 1994; McClelland et al. 2007). 

Mathematical modeling has derived similar risk estimates for HIV suscepti- 
bility and transmission (Chesson et al. 2004). The analysis estimated that T. vagi- 
nalis infection increases a woman's risk for HIV infection by two- to threefold 
and is suspected of having had a huge impact on the HIV pandemic by increasing 
viral shedding in HIV-infected individuals and inflammation or micro-abrasions 
in genital tissues that enlarge HIV entry portals in HIV-negative partners. 
Findings from the model of HIV transmission estimated the annual economic 
burden for trichomoniasis-attributable HIV cases is in the hundreds of millions 
of dollars. This analysis demonstrates the interaction between high prevalence 
rates and a modest, but significant, increase in risk. While the effect on HIV risk of 
T. vaginalis infection cannot be altered, prevalence can, and must, be reduced by 
improved efforts to control this pathogen, particularly in populations at high risk 
for HIV infection (Sorvillo et al. 2001; Schwebke 2002). 


17.4 Biology and Pathogenesis of T. vaginalis 


Trichomonas vaginalis is a flagellated protozoan that is highly motile (Figure 17.2). 
Trichomonads, which are approximately the size of lymphocytes (15-25 um in 
length), have several long flagella that are involved in motility as well as an asym- 
metric undulating membrane that is clearly visible with light microscopy. T. vagi- 
nalis is strictly anaerobic and can survive in a variety of pH conditions ranging 
from highly acidic (pH 3.5), which is common during bacterial vaginosis, to basic 
(pH 8.0). As a result of sensitivity to atmospheric oxygen, drying conditions and 
temperatures below 35 °C, T. vaginalis does not survive ex vivo for extended 
periods (greater than a few hours) and organisms lose motility quickly at room 
temperature (Kingston et al. 2003). Therefore, transmission by means other than 
sexual contact is rare. 

Upon entry into the vaginal milieu, T. vaginalis encounters the mucous layer 
that is the first line of defense from microbial colonization. Trichomonads pro- 
duce enzymes that degrade mucin, the major component of mucous, thus allow- 
ing the organisms to come into contact with the cells of the vaginal epithelium 
(Lehker and Sweeney 1999). Trichomonas also produces adhesins that enable 
attachment of the pathogen to the cell surface of vaginal epithelium. These 
adhesins are upregulated during times of high iron concentration. This mecha- 
nism may allow trichomonads to remain adhered to cells during menses (Garcia 
et al. 2003). Contact with epithelial cells results in their destruction and recruit- 
ment of inflammatory cells to the vagina, resulting in vaginal discharge. However, 
there are many factors that influence the level of cytotoxicity and local immune 
response. As a result, infection can cause a range of outcomes, from completely 
asymptomatic disease to heavy discharge, odor, and itching. 
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Figure 17.2 Trichomonas vaginalis from in vitro culture. Trichomonads stained with Giemsa stain 
(from www.cdc.gov). Arrows show the flagella and asymmetrically located undulating membrane. 
(See color plate section for the color representation of this figure.) 


Trichomonads themselves are susceptible to infection by a double-stranded 
RNA virus that can influence the virulence of trichomonas (Khoshnan and 
Alderete 1994). Studies have shown that this virus is present in as many 75% of 
patient isolates obtained from STD clinic attendees (Wendel et al. 2002a), sug- 
gesting that the virus-infected trichomonas may have a survival advantage when 
in humans. Interestingly, isolates with the virus may be less likely to be resistant 
to metronidazole (Snipes et al. 2000). 

Trichomonas is capable of phagocytosis of microbes commonly found in the 
vaginal environment, including lactobacilli (Juliano et al. 1991) and Mycoplasma 
hominis (van Belkum et al. 2001). Lactobacilli are known play a key role in vagi- 
nal health while M. hominis has been linked with vaginal and cervical discharge 
syndromes as well as upper genital tract complications. The impact of interac- 
tion between T vaginalis and these organisms is unknown. For an excellent 
review of the biology of trichomonas, see Petrin et al. (1998). In addition to 
these well-known organisms, newer microbes identified as part of vaginal 
microbiome studies are associated with trichomonal infection (Brotman et al. 
2012). Additional studies in this new research arena will continue to expand our 
understanding of T. vaginalis pathogenesis. 


17.5 Clinical Features of T. vaginalis Infection 


Though often considered merely a nuisance, T. vaginalis infection in men is 
known to be an important cause of urethritis, prostatitis, and potentially male 
factor infertility (Krieger 1995; Hobbs et al. 2006; McGowin et al. 2014). Krieger 
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et al. demonstrated an association between T. vaginalis and sexually transmitted 
non-gonococcal/non-chlamydial urethritis among a population of sexually active 
men (Krieger et al. 1993), and several subsequent studies have found T. vaginalis 
to be a common cause of urethritis in men (Hobbs et al. 1999; Watson-Jones 
et al. 2000; Swygard et al. 2004; Schwebke and Hook II 2003). Typical clinical 
practices do not include routine screening for trichomoniasis in men, even for 
those who are symptomatic (Taylor et al. 2005). This is, in part, due to the limited 
sensitivity of tests that can be performed on-site (e.g. microscopy) (Schwebke 
and Hook III 2003). 

Symptoms rarely occur in men (Sena et al. 2007) but may include discharge, 
which may or may not contain significant quantities of lymphocytes or red blood 
cells, dysuria, puritis, increased urinary frequency, or prostatitis. On rare occa- 
sions, men may have urethral strictures or epididymitis. Symptoms generally 
appear within 7-10 days following exposure, and it is possible that the infection 
may resolve spontaneously (McGowin et al. 2014). Few longitudinal data are 
available to predict the frequency of such resolution. The vast majority of men 
with T. vaginalis have no signs or symptoms of infection, thus confusing the 
measurement of natural clearance of disease. Diagnosis and treatment of these 
men remains clinically important in order to reduce the spread of the organism 
to sexual partners. Investigations performed more than 40years ago reported 
infection in up to 45% of male partners of infected women and 100% of female 
partners of infected men (Sena et al. 2007). 

Asymptomatic carriers of trichomoniasis are an important reservoir of infec- 
tion, and diagnosis based solely on either the clinical signs or symptoms pre- 
sented by the patient is unreliable (Borchardt et al. 1995). Although T. vaginalis 
is commonly described in the context of nongonococcal/nonchlamydial urethri- 
tis, trichomonas often occurs in men with chlamydia or gonorrhea. In one study, 
23 out of 37 men diagnosed with trichomoniasis and symptomatic urethritis had 
concomitant infection of gonorrhea (Hobbs et al. 1999). Therefore, when screen- 
ing for chlamydia and gonorrhea is appropriate, inclusion of screening for trich- 
omonas should also be considered. With the development of nucleic acid-based 
diagnostics, this testing can be performed on the urine samples being tested for 
chlamydia and gonorrhea. 

Similar to men, women infected with T. vaginalis are also predominately 
without symptoms. (Sutton et al. 2007). While this has been well documented 
over the last two decades, it is still common to encounter practitioners who 
believe that only symptomatic women should be tested. This misconception 
is supported by the fact that most testing is performed by wet preparation 
microscopy, which does not detect T. vaginalis unless the number of organ- 
isms present is quite high. As a result, this test is most often positive in women 
with a high burden of organisms, and high organism load leads to symptoms 
more often than a low burden. Thus, the notion that all infected women have 
symptoms is a result of the poor sensitivity of the diagnostic test, and the 
utility of targeted diagnostics is questionable. When universal screening, 
rather than screening only symptomatic women, was evaluated in a women’s 
correctional facility, the number of cases identified increased fourfold (Brown 
et al. 2010). 
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Women may experience vaginal discharge, vaginal itching, musty odor, dysu- 
ria, pelvic pain, irregular bleeding, and pain or bleeding on coitus. Clinical signs 
of infection in women include punctate bleeding of the cervix, often referred to 
as a strawberry cervix, which is seen in less than 10% of cases without the aid of 
colposcopy, and a frothy discharge that is usually white but may be yellow or 
grayish in appearance. Vaginal pH greater than 4.5 may be noted in some women 
with trichomoniasis, but is not a highly reliable indicator. 

In women, T. vaginalis infection has been linked to pelvic inflammatory 
disease (PID), (Moodley et al. 2002; Cherpes et al. 2006) adverse outcomes of 
pregnancy (Minkoff et al. 1984; Pastorek et al. 1996; Cotch et al. 1997; Riggs and 
Klebanoff 2004) and cervical cancer (Zhang et al. 1995). The cervical cancer rela- 
tionship is likely indirect since trichomonal infection is strongly associated with 
HPV persistence or recurrence (Kissinger 2015a). While the relationship between 
T. vaginalis and PID in women with HIV has been shown to be strong (RR 1.9, 
p=0.002), in women without HIV the relationship was not significant (p =0.4) 
(Moodley et al. 2002). The lack of a significant finding in HIV-negative women 
may have been due to a lack of power since the study sample included only 
43 women. A study performed in the United States did find an association 
between T. vaginalis and endometritis (Cherpes et al. 2006). Additional studies 
using highly sensitive diagnostic techniques are needed to more clearly define 
the relationship between T vaginalis and upper genital tract complications. 

A prospective evaluation of the effect of T. vaginalis on pregnancy outcomes 
found significant associations between T. vaginalis and preterm delivery (before 
37 weeks of gestation) with low birthweight (infant weighing less than 2500g at 
birth) (Cotch et al. 1997). Additionally, the likelihood of low birthweight was 
greater among blacks (11%) than Hispanics (1.6%) or whites (1.5%). Meta-analyses 
have confirmed the strength of the relationship between trichomonal infection 
and poor birth outcomes (Silver et al. 2014). These data emphasize the need for 
T. vaginalis control communities with high burden of disease and high likelihood 
of pregnancy complication. During pregnancy, screening should be performed 
during the first trimester to avoid safety concerns related to metronidazole use in 
the third trimester. 


17.6 Diagnosis of T. vaginalis 


T. vaginalis was first identified visually by microscopy of genital secretions by 
Donné in 1836 (Campbell 2001). Wet preparations, or wet mounts, are prepared 
by suspension of vaginal or urethral fluids in normal saline. The suspension is 
placed onto a slide and examined for motile trichomonads at 100X magnification 
(low power) with confirmation of morphology using 400X (high power). This 
technique remains the most frequently used diagnostic method even in techno- 
logically advanced settings. This test is simple, rapid, and inexpensive, making it 
ideal for diagnosis in clinical settings. However, wet preparation microscopy is 
only 35-50% sensitive, with higher sensitivity in women than men and in symp- 
tomatic individuals compared to asymptomatic patients (Wendel et al. 2002b; 
Van Der Pol et al. 2006) This test is also hampered by rapid loss of motility at 
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ambient temperatures (Kingston et al. 2003) and interference from other vaginal 
infections, as previously mentioned. However, despite the limitations of micros- 
copy, this method was found to be useful for identification of women with T. 
vaginalis in the context of HIV control programs. In women attending family 
planning clinics in sub-Saharan Africa, a positive wet mount was associated with 
a nearly fourfold increase in risk of HIV infection (Van Der Pol et al. 2008). 
Therefore, microscopy, while not the best available diagnostic method, is prefer- 
able to no diagnostic evaluation in women at risk for HIV. In addition, micros- 
copy offers the advantage of diagnosis during the office visit, which increases the 
likelihood that patients will be treated for the infection. 

Several commercially available assays with improved sensitivity can also be 
performed during an office visit. The Osom Trich (Genzyme Diagnostics, 
Cambridge, MA) dipstick assay provides results within 15minutes and can 
detect twice as many infections as microscopy. The assay has excellent perfor- 
mance characteristics in low- (Campbell et al. 2008) and high-prevalence popu- 
lations (Huppert et al. 2005). An RNA probe assay, the Affirm (Becton Dickinson, 
Sparks, MD) test, can detect T. vaginalis, Gardnerella vaginalis, and Candida 
spp. in 45 minutes. This test performs better than microscopy and provides 
information that may lead to a diagnosis of yeast or BV as well as trichomonas, 
but requires specialized equipment and trained technicians. Two DNA amplifi- 
cation tests, which also require specialized equipment and training, but provide 
relatively rapid results, are now approved for use in the United States and many 
other countries. The Xpert TV assay (Gaydos and Hardick 2014) (Cepheid, 
Sunnyvale, CA) and the Solana assay (Gaydos et al. 2017b) (Quidel, San Diego, 
CA) provide results in 90 or 30 minutes, respectively, and perform as well as ref- 
erence laboratory tests for trichomonas nucleic acids. 


17.6.1 Laboratory Diagnosis 


Culture for detection of T. vaginalis was considered the gold standard of diagno- 
sis until recently. Modified Diamonds Medium is enriched with yeast extract and 
supplemented with inactivated horse serum, amphotericin B, penicillin G, and 
gentamicin. This medium is formulated to allow trichomonads to grow while 
suppressing bacterial growth. The addition of small amounts of agar reduces the 
oxygen tension, resulting in more prolific growth of trichomonads, which opti- 
mally grow and reproduce under anaerobic conditions (Poch et al. 2013). Swabs 
containing vaginal secretions are inoculated into tubes containing medium and 
incubated for up to 5 days at 35-37 °C. Each day a drop of the well-mixed culture 
fluid is placed on a slide and read microscopically in the same manner as a direct 
wet mount. Culture allows replication of the organisms thus increasing the prob- 
ability of detection motile organisms using microscopy. Culture will detect 1.5-3 
times as many infections as direct wet mount microscopy in the clinic. An 
innovation in culture methodology is the InPouch culture system (BioMed 
Diagnostics, San Jose CA). This is a self-contained culture system that can be 
placed directly onto a microscope stage. This allows microscopic evaluation of 
the entire culture rather than a single drop, thus improving sensitivity (Borchardt 
et al. 1995; Borchardt 1994; Barenfanger et al. 2002). 
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Currently, the most sensitive diagnostic methods for diagnosing trichomonal 
infections are nucleic acid amplification tests (NAATs) (Van Der Pol et al. 2006; 
van der Schee et al. 1999; Madico et al. 1998; Lawing et al. 2000; Kaydos et al. 
2002; Crucitti et al. 2003). These tests are based on enzymatic amplification of 
DNA or RNA to produce an exponential increase in the concentration of organ- 
ism-specific targets. This amplification process increases the sensitivity of diag- 
nostics to twice that of culture and 2.5-3.5 that of wet mount microscopy. NAATs 
are the most often used assays for screening for C. trachomatis and N. gonor- 
rhoeae. Therefore, the opportunity to add trichomonas screening to samples col- 
lected for chlamydia and gonorrhea screening offers an advantage not previously 
available on a wide scale. While NAAT assays for T. vaginalis have been described 
that can be used in specialized research laboratories, fewer assays suitable for 
clinical labs were available (Van Der Pol et al. 2006). Commercial assays are avail- 
able from several manufacturers, including the Aptima system (Nye et al. 2009) 
(Hologic, San Diego, CA), the BD Qx TV assay (Van Der Pol et al. 2014) (BD 
Diagnostics, Sparks, MD), and the BD MAX assay (Van Der Pol et al. 2017) (BD 
Diagnostics, Sparks, MD). All of these assays have excellent sensitivity and speci- 
ficity and can be used in conjunction with chlamydia and gonorrhea testing using 
the sample specimen. Use of NAATs that can be performed on the samples col- 
lected for chlamydia and gonorrhea should encourage addition of trichomonas 
screening to routine sexual health care. The BD MAX TV assay is available on 
the STI panel, which includes chlamydia and gonorrhea, or with the vaginitis 
panel, which includes assays that detect BV and Candida spp. Use of this assay 
will occur more frequently in primary care offices than in STD clinic settings, but 
may identify risk of STD if trichomonas is detected and could therefore encour- 
age testing these patients for other STI. 


17.7 Treatment of T. vaginalis 


The recommended treatment for T. vaginalis infections is a single oral dose of 2g 
metronidazole (see review by Schwebke and Burgess 2004). Topical treatment has 
not been shown to be highly efficacious. The success rate of the oral regimen is 
approximately 85%. However, approximately 10% of failures are attributable to 
exposure to an untreated sexual partner. Therefore, management of sexual part- 
ners is strongly recommended. Metronidazole resistance has been reported in a 
small percentage of patients (<5%) (Kissinger 2015b). Tinidazole, a compound 
related to metronidazole, is frequently used outside of the United States to treat 
trichomoniasis (2 g oral dose) with similar efficacy. This regimen may be useful for 
patients with metronidazole-resistance infections. For a comprehensive review of 
clinical trials for treatment of trichomoniasis, see Forna and Gulmezoglu (2003). 
While treatment with these compounds is safe during early pregnancy, there have 
been reports of a possible association between metronidazole treatment and pre- 
term birth in women treated during the third trimester (Schwebke and Burgess 
2004). Screening during the first trimester is recommended in order to minimize 
the possibility of adverse outcomes. For women with HIV, an extended treatment 
regimen is likely to be more efficacious (Howe and Kissinger 2017). 
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In a longitudinal study of adolescent women (Van Der Pol et al. 2005), 102 
women provided vaginal swabs each week following diagnosis of trichomonas by 
NAAT. DNA-based testing was negative within 7 (95% CI 6, 9) days of treatment 
with metronidazole. However, studies have shown high reinfection rates of trich- 
omoniasis within a year following treatment, particularly in high-risk groups 
(Johnston and Mabey 2008). Therefore, women seeking care for symptoms more 
than two weeks after treatment should be evaluated for reinfection, particularly 
if their sexual partner(s) have not been treated. These data support the need for 
active partner management in any effort to control T. vaginalis, particularly in 
populations with high prevalence. 


17.8 Conclusion 


Trichomonas vaginalis is a sexually transmitted infection that is more prevalent 
than chlamydia and gonorrhea combined but receives only limited public health 
attention. The global rates increased by nearly 50% from 1999 to 2008, and we 
have no data to suggest that rates are not continuing to increase. Prevalence esti- 
mates are poor due to lack of public health monitoring of this pathogen. Risks 
factors for trichomonas are similar to risks for other treatable STI with the excep- 
tion of increasing age-specific prevalence until after age 50. 

While women are 5-10 times as likely to be infected as men, they also carry the 
burden of infection. T. vaginalis infection has been implicated in increased risk 
of PID and cervical cancer and associated with preterm delivery. Men carry the 
organism long enough to transmit to their sexual partners and treatment of part- 
ners to infected women is appropriate. T. vaginalis infection increases risk of 
acquiring HIV two- to fourfold and also increasing risk of transmitting HIV to 
sexual partners by increasing genital shedding of the virus. In HIV endemic 
areas, control of trichomonas is a sound strategy and has even been suggested to 
be cost saving (Lazenby et al. 2014). 

Infection with T. vaginalis is often asymptomatic, and clinical algorithms 
designed to predict who should be tested are of limited utility. Diagnostic tests 
vary widely in sensitivity, with wet mount performing worse than any other tests 
despite being the most commonly used method of detection. However, even the 
poorest test is preferable to not testing for T. vaginalis. NAAT diagnostics are the 
most sensitive assays available and can be bundled with chlamydia and gonor- 
rhea screening, with no additional effort on the part of the patient or clinician. 
Treatment with metronidazole is safe, inexpensive, and efficacious particularly 
when coupled with treatment of infected sexual partners. 
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18.1 Introduction 


Scabies is a common ectoparasitosis caused by the mite Sarcoptes scabiei and 
characterized by intense itch (Chosidow 2006; Heukelbach and Feldmeier 2006). 
It has been known since ancient times. Aristotle (384-322 BC) probably identi- 
fied for the first time scabies mite, and in 1687 Bonomo and Cestoni accurately 
described the etiology, modality of transmission, and possible treatment of sca- 
bies (Ramos-e-Silva 1998). Nevertheless, the first paper on scabies was published 
by Hebra in 1868 (Hebra 1868). 


18.2 Epidemiology 


Scabies is widespread in the world, particularly in developing countries, where 
it represents a major public health problem (Cestari and Martignago 2005; 
Chosidow 2006; Heukelbach and Feldmeier 2006; Romani et al. 2015). The 
worldwide prevalence of scabies is uncertain. The Global Burden of Disease 
Study 2015 estimated it to be about 200 million (GBD 2015 Disease and Injury 
Incidence and Prevalence Collaborators, 2016). In industrialized nations, scabies 
is usually observed sporadically or as institutional outbreaks in hospitals, schools, 
nursing homes, prisons, retirement homes, and long-term care facilities 
(Heukelbach and Feldmeier 2006), whereas in many developing world popula- 
tions and tropical/subtropical areas, such as Africa, Central and South America, 
Northern and Central Australia, and Southeast Asia, scabies is an endemic 
disease (Hengge et al. 2006). 

In a systematic review published in 2015, the prevalence of scabies in the dif- 
ferent population ranged from 0.2 to 71% and, overall, it was the highest in the 
Pacific and Latin American regions (Romani et al. 2015). The highest prevalence 
reported in the general population was in a village of Papua New Guinea (71%), 
followed by Panama and Fiji (32%). 
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Several factors have been suggested as influencing the epidemiology of scabies 
infestation, including age, race, overcrowding, hygienic conditions, and seasons 
(Hay et al. 2012). Whereas in developed nations the rates of infestation are simi- 
lar across age ranges, the highest rates in developing countries are in children 
(Currie et al. 1994; Romani et al. 2015). Differences among populations are 
probably due to socioeconomic and behavioral factors (Christophersen 1978; 
Burkhart and Burkhart 2000; Hay et al. 2012). Studies from Mali, India, Brazil, 
and northern Australia show an association with overcrowding, especially sleep- 
ing quarters (Andrews 1979; Burkhart and Burkhart 2000; Dos Santos et al. 2010; 
Hay et al. 2012). Also, studies of long-term incidence suggest that the cyclical 
outbreaks of scabies are probably related to social and environmental changes, 
such as wars and climatic changes (Hengge et al. 2006; Hay et al. 2012). Although 
the highest global rates of scabies are seen in countries with tropical climates, 
studies from Scotland and Israel showed higher rates during cooler seasons, 
probably related to overcrowding and/or increased mite survival (Sokolova et al. 
1989; Mimouni et al. 2003; Hay et al. 2012). 


18.3 Etiopathogenesis 


Sarcoptes scabiei is an obligate ectoparasitic arthropod taxonomically belonging 
to the class Arachnida, subclass Acari, order Astigmata, family Sarcoptidae 
(Currie et al. 1994). Different species of S. scabiei are able to infect different 
mammalian hosts. Human scabies is specifically caused by S. scabiei var. hominis. 
Although other varieties from animals (dogs and other mammals) may occasion- 
ally infest humans, the disease in such cases is self-limiting (Heukelbach and 
Feldmeier 2006). 

S. scabiei is whitish in color, with pigmented legs and mouthparts. The adult 
female is approximately 0.3-0.5 mm long by 0.3 mm wide, and the male is smaller 
(about 0.25 mm long by 0.2mm wide). Adult mites have four pairs of legs, with 
stalked pulvilli enabling them to grip the substrate, and spine-like projections on 
their dorsal surfaces (Tajirian and Schwartz 2010). 

The female mite digs tunnel-like burrows (length: 1-10mm) within the 
superficial layers of the epidermis, just below the stratum corneum, and lays 
two to three eggs daily for four to six weeks at a time, although only a small 
percentage of eggs develop into adult mites (Heukelbach and Feldmeier 2006; 
Tajirian and Schwartz 2010). Developmental instars include egg, larva, proto- 
nymph, and tritonymph. Adult mites emerge on the surface of the skin after 
approximately two weeks, and are able to infect the skin of other hosts. 
Generally, about 10-15 mites (range, 3—50) live on the host (Heukelbach and 
Feldmeier 2006). 

Four weeks after the infestation, a delayed type IV hypersensitivity reaction to 
the mites, eggs, and escrements occurs. The time required to induce immunity 
in primary infestations probably accounts for the four-week asymptomatic latent 
period; in case of reinfestation, the sensitized individual generally develops 
a more rapid reaction (within a few hours) (Heukelbach and Feldmeier 2006; 
Chosidow 2000). 
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Scabies transmission is primarily mediated by direct skin-to-skin personal con- 
tact with an infected subject and therefore is common among family members and 
is often seen in institutional settings. Sexual contact represents the most important 
mode of transmission among adults. Sarcoptes scabiei can survive outside of the 
host for up to 24—36 hours at 21 °C and 40-80% relative humidity (Heukelbach and 
Feldmeier 2006), so indirect transmission by clothing, bed sheets, or other fomites 
is possible, although not frequent, unless the patient is affected by crusted scabies 
(in which the mite burden is very high) (Czelusta et al. 2000). 


18.4 Clinical Features 


The intense and widespread itching is the characteristic symptom of scabies that 
can be debilitating. It is the result of hypersensitivity reactions against the mite 
and its products and typically worsens at night. It appears after two to three 
weeks after infestation (one to two days in case of re-infection) and can persist 
for two to four weeks even after successful treatment (post-scabietic pruritus) 
(Falk and Bolle 1980). Usually, several members of the family or household are 
affected (Hay et al. 2012). 

On skin examination, primary and secondary lesions may simultaneously be 
observed. Primary lesions are due to the parasite and/or to the allergic reactions 
to its product; they include burrows, erythematous papules, and vesicles. The 
burrow, which represents the tunnel that the female mite excavates while laying 
eggs, is the pathognomonic sign of scabies (Figure 18.1). It is a grayish, wavy 
elevation in the superficial epidermis usually ranging from 1 to 10mm in length 
(Micali and Lacarrubba 2016). At one end of the burrow, a small pearly vesicle, 
which contains the female mite, is present. The burrows are sometimes difficult 
to differentiate from the scratch marks produced by the patient. Erythematous 
papules and vesicles resulting from the hypersensitivity reaction to the mite, eggs 
and/or excrement are frequently observed (Figures 18.2 and 18.3) (Micali and 
Lacarrubba 2016). Primary lesions are typically located on the interdigital spaces, 


Figure 18.1 Scabies: burrow (circle). (See color plate section for the color representation of 
this figure.) 
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Figure 18.2 Scabies: papules on the wrist. (See color plate section for the color representation of 
this figure.) 


Figure 18.3 Scabies: multiple papules on the trunk in a newborn. (See color plate section for 
the color representation of this figure.) 


the flexure surface of the wrist, axillae, umbilicus, belt line, nipples, buttocks, 
penile shaft, and scrotum. In children, lesions may also be present in the scalp, 
face, neck, and palmar-plantar regions that are generally spared in adults 
(Heukelbach et al. 2005). 

Secondary lesions, consisting of excoriations and crusts, are the result of rubbing 
and scratching, and they may sometimes be the only clinical manifestations of the 
disease (Figures 18.4 and 18.5). In patients treated with corticosteroids, both pri- 
mary and secondary lesions may be minimal and overlooked (scabies incognito). 

Skin bacterial infections, primarily by Staphylococcus aureus and Streptococcus 
pyogenes, commonly occur as the result of severe scratching (Figure 18.6). 


Figure 18.4 Scabies: papules, excoriations, and crusts. (See color plate section for the color 
representation of this figure.) 


Figure 18.5 Scabies: several excoriated papules on the abdomen. (See color plate section for 
the color representation of this figure.) 


Figure 18.6 Scabies: impetiginized and crusted lesions. (See color plate section for the color 
representation of this figure.) 
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In developing countries, scabies is associated with remarkable morbidity related 
to impetigo, ecthyma, cellulitis, and lymphangitis. Septicemia, post-streptococ- 
cal glomerulonephritis, and rheumatic heart disease represent fearsome com- 
plications (Cestari and Martignago 2005; World Health Organization, 2005; 
Heukelbach and Feldmeier 2006). 

Clinical variants include nodular and crusted scabies. Nodular scabies is a 
chronic form of scabies that occurs in 5—10% of cases, particularly in children, 
and might represent a hypersensitivity reaction to the mite antigen, as the para- 
sites are generally no more detectable within the lesions. It is characterized by 
the presence of extremely itchy, reddish nodules 2-20 mm in diameter and dis- 
seminated over the entire skin, especially in the armpits, knees, scrotum, and 
penis (Figure 18.7). The nodules may persist for several months after treatment 
(Kjetil and Amor 2006; Sandre et al. 2015). 

Crusted scabies is a highly infectious, severe, debilitating variant of scabies that 
was first described among leprosy patients in Norway in 1848 and thus it is also 
known as Norwegian scabies (Cestari and Martignago 2005; Kjetil and Amor 
2006). It usually arises as a result of the host's insufficient immune response (e.g. 
AIDS, human T-lymphotrophic virus 1 infection, systemic immunosuppressant 
therapies, transplantations, and malignancies) or in patients affected by neuro- 
motor/cognitive disorders or severe arthropathies that are unable to feel or per- 
form scratching (Cestari and Martignago 2005). Crusted scabies is characterized 
by the presence of localized or diffuse hyperkeratotic and crusted skin lesions, 
contain thousands of mites that may resemble psoriasis and may involve the 
neck, face, scalp, and palmar-plantar regions (Figure 18.8). 

The differential diagnosis of scabies is extensive and includes a variety of itch- 
ing skin disorders such as arthropod bite reaction, papular urticaria, prurigo 
nodularis, acute contact dermatitis, atopic dermatitis, neurodermatitis, folliculi- 
tis, and dermatitis herpetiformis, among others. 

Animal scabies should be included in the differential diagnosis. It is due to 
variants of the scabies mites that affect other animals (e.g. dogs, cats, pigs) and 
that cannot complete the life cycle on human hosts but can cause a transient 
dermatitis. 


Figure 18.7 Nodular scabies: solitary lesion on the penis in a child. (See color plate section for 
the color representation of this figure.) 
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Figure 18.8 Crusted scabies: hyperkeratotic lesions on the palm. (See color plate section for the 
color representation of this figure.) 


18.5 Diagnosis 


The diagnosis of scabies may be clinical when a burrow is detected on the typical 
sites in patients with severe itching (Heukelbach and Feldmeier 2006). However, 
in clinical practice burrows are generally absent due to scratching, crusts, and/or 
superinfection, so the clinical diagnosis should be supported by a laboratory or 
instrument examination, as described in this section. 


18.5.1 Microscopy 


The standard technique for the diagnosis of scabies consists of identification 
of the mite, eggs, and/or feces by microscopic direct examination of material 
obtained by skin scraping of suspicious lesions with a bladed scalpel and mounted 
in potassium hydroxide. However, the sensitivity of this exam is quite low, with a 
large margin of diagnostic error, and repeated tests are sometimes necessary 
(Heukelbach and Feldmeier 2006; Hay et al. 2012). Moreover, skin scraping is not 
always well accepted by patients, especially children, and exposes patients to a 
potential risk of accidental infection from blood transmissible agents such as 
HIV and HCV. Finally, handling and processing scrapings rapidly and effectively 
in the office is not always straightforward. 


18.5.2 Dermatoscopy/Videodermatoscopy 


Dermatoscopy is a noninvasive technique that allows a magnified (x10) in vivo 
observation of the skin usually utilized for the diagnosis of pigmented skin 
lesions. The utility of dermatoscopy for the diagnosis of scabies has been con- 
firmed by several reports (Kreusch 1992; Argenziano et al. 1997; Brunetti et al. 
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1998; Micali et al. 2000; Lacarrubba et al. 2001; Prins et al. 2004; Neynaber and 
Wolff 2008). Using dermatoscopy, in scabies it is possible to observe a repeti- 
tive finding consisting of jet-shaped dark brown triangular structure (corre- 
sponding to the pigmented anterior part of S. scabiei) located at the end of a 
subtle linear segment (corresponding to the burrow); together, both structures 
resemble a jet with contrail (Figures 18.9 and 18.10). The main limitation is 


Figure 18.9 Scabies: dermatoscopy at x10 magnification showing the presence of a burrow. 

At one extremity a pigmented brown triangular structure (corresponding to the anterior part 
of Sarcoptes scabiei) is evident (arrowhead). (See color plate section for the color representation 

of this figure.) 


Figure 18.10 Crusted scabies: dermatoscopy at x10 magnification showing the presence of 
a multiple burrows. (See color plate section for the color representation of this figure.) 
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Figure 18.11 Scabies: high magnification dermatoscopy at x500 magnification showing the 
mite. The pigmented head and anterior legs are evident (arrowhead). (See color plate section 
for the color representation of this figure.) 


that x10 magnification does not allow a clear differentiation between the 
“jetliner” sign and artifacts induced by scratching, such as excoriations, crusts, 
bleeding, or small dirt particles (Argenziano et al. 1997). 

Videodermatoscopy is performed with digital systems and ensures magnifica- 
tion up to x1000. It allows a more detailed observation of scabies diagnostic 
features (Micali et al. 2000). Using high magnifications the specificity is virtually 
100%, as the images of mites, larvae, eggs, or feces are unequivocal (Figure 18.11). 
In most cases, it is even possible to detect the mite moving inside the burrow 
(Lacarrubba et al. 2001). 

Dermatoscopy and videodermatoscopy afford several advantages: they are 
noninvasive and well accepted by patients, especially by children; they are easy 
and quick to perform, allowing inspection of the entire skin surface usually 
within few minutes; they are useful for nontraumatic screening of family mem- 
bers who might refuse skin scraping; they are particularly useful for post- 
therapeutic follow-up (Micali et al. 2000; Lacarrubba et al. 2001).The same 
results may be obtained with low-cost videomicroscopes that are available for 
nonmedical use in botany, entomology, and/or microelectronics, and allow mag- 
nification up to x1000, as demonstrated by previous studies (Micali et al. 2015); 
their use might significantly decrease the costs of scabies management both in 
Western and in underdeveloped countries (Micali et al. 2015). 


18.5.3 Histopathology 


If a burrow is excised, mites, larvae, eggs, and feces may be identified within the 
stratum corneum. A superficial and deep dermal infiltrate composed of lympho- 
cytes, histiocytes, mast cells, and eosinophils is characteristic. Spongiosis and 
vesicle formation with exocytosis of eosinophils and occasional neutrophils are 
present (Falk and Eide 1981). 
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18.5.4 Other Diagnostic Procedures 


Other diagnostic tests include the burrow ink test, the adhesive tape test, and the 
polymerase chain reaction (PCR)-based method for detecting S. scabiei DNA 
from skin scrapings. The detection of S. scabiei antibodies (which are produced 
before the onset of clinical symptoms) through the enzyme-linked immunosorb- 
ent assay (ELISA) is a promising diagnostic tool (Bezold et al. 2001). In vivo 
reflectance confocal microscopy is a new, noninvasive, laser-based optical tech- 
nique mostly utilized for the diagnosis of skin tumors and capable of horizontally 
scanning the skin at different layers up to the superficial dermis. Although it is 
currently available only in few centers, it has been suggested as an alternative 
noninvasive tool for the diagnosis of scabies, allowing an in vivo detailed identi- 
fication of the burrow, mite, eggs, and the fecal material (Lacarrubba et al. 2015; 
Micali et al. 2016). 


18.6 Treatment 


Available topical and systemic agents are quite effective in eradicating scabies 
(Sunderkotter et al. 2016; Salavastru et al. 2017). Some topical agents, including 
permethrin, benzyl benzoate, malathion, and lindane, are considered first-line 
treatments (Tucker and Powell 2014). Second-line therapies are represented by 
topical sulfur and crotamiton, and systemic ivermectin (Tucker and Powell 
2014). Appropriate treatment for secondary bacterial infection should also be 
considered. 


18.6.1 Topical Agents 


Topical agents include permethrin 5%, benzyl benzoate 10-30%, malathion 0.5%, 
lindane 1%, crotamiton 10%, and sulfur preparations (2—10%). In general, the 
drug should be applied to the entire skin surface, from the neck down, for 
12-—24hours and then completely washed off (Hay et al. 2012; Salavastru et al. 
2017). Repeated treatments are necessary with some agents. In children, the 
application should include the head. Causes of treatment failure include incor- 
rect application of the topical agent, poor penetration through hyperkeratotic 
skin (crusted scabies), reinfestation from close contacts, and potential drug 
resistance (Hay et al. 2012): 


e Permethrin 5%: Permethrin is an insecticide belonging to the family of syn- 
thetic pyrethroids. It acts as a neurotoxin, affecting neuron membranes by 
prolonging sodium channel activation. A Cochrane review of randomized 
controlled trials concluded that permethrin is the most effective agent for the 
treatment of scabies (Strong and Johnston 2007). Permethrin 5% cream is the 
most widely used antiscabietic agent in developed countries, although it is 
expensive (up to 10 times the cost of benzyl benzoate). A single application of 
the cream is generally enough and is generally well tolerated with few side 
effects (Hicks and Elston 2009). It also represents the treatment of choice for 
children and for pregnant or breastfeeding women (pregnancy category B) 
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(Patel et al. 2016; Salavastru et al. 2017). Treatment failures are generally the 
result of incorrect use of the 1% formulation (utilized for head lice), although 
there is increasing concern about potential resistance of the scabies mite to 
permethrin (Hay et al. 2012; Andriantsoanirina et al. 2014). 

e Benzyl benzoate 10-30%: Benzyl benzoate is a longstanding scabicide with 
unknown mechanism of action. It is used in different formulations at a concen- 
tration of 20-30% in adults, and 10-20% in children. Its advantages include 
high efficacy, no resistance reported; and low cost. It is therefore a very popu- 
lar treatment in Africa and parts of Europe, although it is not available in the 
United States. The applications should be repeated for three or five consecu- 
tive days. Skin irritation is common, thereby limiting its tolerance (Sunderk6tter 
et al. 2016; Salavastru et al. 2017). 

e Malathion 0.5%: Malathion is an organophosphate insecticide, reported to be 
effective for scabies at a concentration of 0.5% (Salavastru et al. 2017). However, 
there is a paucity of published clinical trial data to support its use. 

e Lindane 1%: Lindane is an organochloride insecticide that has been withdrawn 
from many countries due to concerns regarding neurotoxicity. It should be 
applied for eight hours and then washed off. Adverse events (including ataxia, 
tremors, and seizures) may be related to excessive application (Park et al. 2015). 

e Crotamiton 10%: Crotamiton is a safe, effective alternative (especially for 
infants), although the exact mechanism of action is unknown (Sunderkotter 
et al. 2016). It is marketed as a 10% cream, and applications should be repeated 
for three to five days. 

e Sulfur preparations (2-10%): Sulfur preparations (most often 6% in petrolatum 
ointment), although effective, are rarely prescribed due to their messy applica- 
tion and odor. They are still used in developing countries due to low cost and 
wide margin of safety in infancy and in pregnant women. Three consecutive 
days of application is required for optimal efficacy (Salavastru et al. 2017). 


18.6.2 Oral Agents 


Ivermectin is an antiparasitic drug approved by the FDA for the treatment of 
scabies. It works by causing paralysis and death of mites. A single oral dose of 
200 mg is usually enough. Side effects include fever, headache, chills, arthralgia, 
rash, eosinophilia, and anorexia. No significant drug interaction has been 
reported. Ivermectin is generally reserved for recurrent, difficult-to-treat cases 
or for patients with crusted scabies (Salavastru et al. 2017; Sunderkétter et al. 
2016). In addition, it may be preferred for those patients who are unlikely to use 
topical medications properly. It should not be used in children younger than five 
years old or in pregnant women, as its safety in these subjects is not well estab- 
lished (Hicks and Elston 2009). 


18.6.3 Treatment for Crusted Scabies 


In case of crusted scabies, patients may require repeated applications of topical 
scabicides and/or simultaneous treatment with oral ivermectin (Sunderkétter 
et al. 2016; Salavastru et al. 2017). Moreover, they should be instructed to reduce 
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hyperkeratosis through the application of a keratolytic agent, such as 5-10% sali- 
cylic acid in petrolatum, in order to allow penetration of the topical scabicidal 
agent and to decrease the burden of infestation. 


18.7 Prevention and Control 


The standard approach to scabies control is treatment of people with symptoms 
and their immediate household contacts (Romani et al. 2015). Patients should be 
instructed to launder clothing, bed linens, and towels used within the last week 
in hot water (60°C or higher). Items that cannot be washed should be dry cleaned 
or sealed in plastic bags for oneweek. All carpets and upholstered furniture 
should be vacuumed and the vacuum bags immediately discarded. (Chosidow 
2000; Salavastru et al. 2017). The use of insecticides on inanimate objects, such 
as furniture, has not been proven to be beneficial (West et al. 2010). 

It is generally recommended to treat close physical contacts of the patient 
(such as family members, healthcare workers or residential care personnel) even 
if they are asymptomatic (West et al. 2010), although a 2014 Cochrane review 
highlighted the need of well-designed RCTs on the use of this prophylactic meas- 
ure to prevent scabies transmission (FitzGerald et al. 2014). 

Factors that may contribute to successful control include community involve- 
ment and motivation, education, close follow-up, and prompt treatment of new 
cases (Hay et al. 2012). 


18.8 Conclusion 


Scabies was added to the WHO list of neglected tropical diseases in 2013 (WHO 
2013). In developing countries it is responsible for larger disease burdens and 
complications such as pyoderma, renal and heart disease. In the developed 
world, scabies outbreaks in communities and institutions contribute a significant 
cost to the health systems (Fuller 2013). Standardized diagnostic criteria and a 
point-of-care diagnostic test would be a major contribution for the control of the 
disease and its costs (Fuller 2013). 
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Figure 3.1 Bifidobacterium longum Gram-stained microscopic specimen (magnification 
1000x). 


Figure 3.2 Significant differences in drug sensitivity within the same species. Shown here are 
two Lactobacillus rhamnosus strains tested using novel cephalosporin-ceftaroline Etest and 
disc-diffusion test: L. rhamnosus KL53A (sensitive, shown on the left) vs. L. rhamnosus GG 
(reduced susceptibility, on the right). 
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Figure 3.3 Lactobacillus acidophilus Gram-stained microscopic specimen (magnification 1000x). 
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Figure 4.1 Structure and genomic organization of HIV. 
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Figure 4.2 HIV life cycle. 


Figure 6.1 (a) Characteristic umbilicated crater with a white core, and its pearl-like shiny 
coloring papules of molluscum contagiosum on face (Source: Archieves of Istanbul Medeniyet 
University). (b) Umbilicated papules on neck (Source: Archieves of Istanbul Medeniyet 
University). (c) Umbilicated, skin colored papules on groins (Source: Archieves of Istanbul 
Medeniyet University). 


Figure 6.2 Central pore or umbilication in association with polylobular white to yellowish 
shiny clods in dermoscopic examination (3Gen, Dermlite 4) (Source: Archieves of Istanbul 
Medeniyet University). 


Figure 6.3 Hypertrophic, hyperplastic epidermis, and molluscum bodies within the 
keratinocytes and a central crater (H&E,x4) (Source: Archieves of Istanbul Medeniyet 
University). 


Figure 7.1 Smooth papules genital warts. 


Figure 7.2 Cauliflower-like genital warts. 


Figure 7.3 Keratotic genital warts. 


Figure 7.4 Plaque type genital warts. 


Figure 9.1 Granulomatous infiltrate compound by histiocytes and plasma cells (Hematoxilin 
& Eosin, 400x) (personal collection). 


Figure 9.2 Donovan bodies (GIEMSA STAIN) (personal collection). 


Figure 9.3 Initial Lesion (personal collection). 


Figure 9.4 Ulceration with hypertrophic borders (personal collection). 


Figure 9.5 Ulceration with flat borders (personal collection). 


Figure 9.6 Ulcerovegetating (personal collection). 


Figure 9.7 Vegetating (personal collection). 


Figure 9.8 Elephantiasis (personal collection). 


Figure 9.9 Extragenital (personal collection). 


Figure 10.2 Typical colonies of Neisseria gonorrhoeae in modified Thayer Martin culture 
medium. 
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Figure 11.1 Whole genome alignment of uncultivable pathogenic treponemes. The tree 
was constructed using MEGA7 software (Kumar et al. 2016). The Neighbor-Joining method, 
using the Tamura-Nei genetic distance model and 1000 bootstrap replicates, was used. The 
bar scale represents 0.0002 substitutions per site and the numbers above or below the 
branches show bootstrap support. Only 6 out of 24 completely sequenced TPA isolates 
(marked as PT_SIF) from a study by Pinto et al. (2016) are shown due to the considerable 
similarity among analyzed genomes (differing in less than 20 single nucleotide variant (SNVs)). 
TPA strains, TPE strains, and TEN strains are shown in red, green, and blue color, respectively. 
Note the clustering of TPA strains into either Nichols-like or SS14-like group of strains named 
according to sequence relatedness to reference strain TPA Nichols or TPA SS14. 
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Figure 11.2 The worldwide prevalence of macrolide resistant TPA strains. Higher intensity of color means a higher prevalence of 
macrolide resistant strains. Only the most recent data from geographic regions with multiple prevalence studies are shown. For 
countries shown in gray, data about the prevalence of macrolide resistant strains are not known. 
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Figure 11.3 Worldwide distribution of Nichols-like and SS14-like clinical isolates. The 
assignment of strains to either the Nichols-like of $S14-like group is based on the sequence 
analysis of an 83 bp-long fragment of TP0548 (coordinates 593 399-593 481 according to 
whole genome sequence of TPA Nichols) used in both enhanced CDC and sequencing-based 
typing schemes. Please note the worldwide predominance of $S14-like strains and the 
differences in distribution of Nichols-like and SS14-like strains. Source: Data from following 
studies were analyzed (Marra et al. 2010; Peng et al. 2011; Dai et al. 2012; Flasarova et al. 2012; 
Grimes et al. 2012; Wu et al. 2012; Grange et al. 2013; Grillova et al. 2014; Tipple and Taylor 
2015; Arora et al. 2016; Flores et al. 2016; Khairullin et al. 2016; Oliver et al. 2016; Pinto et al. 
2016; Read et al. 2016; Salado-Rasmussen et al. 2016; Xiao et al. 2016; Zhu et al. 2016; Gallo 
Vaulet et al. 2017; Mikalova et al. 2017b). * data from multiple studies were analyzed and 
merged together. 


Figure 12.1 Colonies of Mycoplasma hominis and Ureaplasma spp. growing on A8 agar after 
72 hours of incubation as they appear under 100x magnification. Colony of M. hominis 
demonstrate a characteristic fried-egg appearance, while colonies of Ureaplasma spp. are 
twice smaller and uniformly blurred. (Source: photograph kindly provided by Peter Senji, MD). 
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Figure 12.2 Gel image of electropherogram of a single and dual infections detected by 
multiplex PCR test (Seeplex STD6, Seegene) which detect Chlamydia trachomatis, Neisseria 
gonorrhoeae, Trichomaons vaginalis, Mycoplasma hominis, Mycoplasma genitalium, and 
Ureaplasma urealyticum: (a) (1)X1-ladder; (2) A1-410 bp/M. genitalium positive sample; 
(3)A2-130bp/U. urealyticum positive sample, (4)A3-502 bp/M. hominis positive sample; 
(5)A4 -positive control = 981 bp/internal PCR control, 647 bp/T. vaginalis, 502 bp/M. hominis, 
410 bp/M. genitalium, 315 bp/C. trachomatis, 214 bp/N. gonorrhoeae, 130 bp/U. urealyticum; 
(6)A5- negative control (a) (1)X1-ladder; (2) A1-502 bp/M. hominis and 130 bp/U. urealyticum 
positive sample; (3)A2-315 bp/C. trachomatis and 130 bp/U. urealyticum positive sample; 
(4)A3 -positive control = 981 bp/internal PCR control, 647 bp/T. vaginalis, 502 bp/M. hominis, 


410 bp/M. genitalium, 315 bp/C. trachomatis, 214 bp/N. gonorrhoeae, 130 bp/U. urealyticum; 
(5)A4- negative control. 


Figure 15.1 Different morphologies of Candida. Panel A: sperm heads without tail (black 
arrows), not to be confused with Candida blastospores, normal lactobacillary flora (grade 1), 
no inflammation; Panel B: blastospores (1500x magnification) with snowman sign (white 
arrow); Panel C: psseudohyphae, disturbed microscora (lactobacillary grade 3 with 
inflammatory cells - aerobic vaginitis); Panel D: mycelium or hyphae, discturbed microflora 
lactobacilllary grade 3). 


Figure 15.2 Clinical appearance of Candida vulvitis. Panel A: typical fissures at 6 o'clock at the 
perineum (two arrows); Panel B. edema, lichenoid skin (ellips) and fissure at 12 o'clock (black 
arrow); Panel C. Vaginal discharge in patient with acute vulvovaginal candidosis. 


ReCiDiF trail schema 


4 clinical 
episodes of 
Candida/year 


3 x 200 mg fluconazole 
during 1 week 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


200 mg fluconazole 
once/week x 8 weeks 


V V VUV 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


200 mg fluconazole 
once/2 weeks x 4 mths 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


200 mg fluconazole 
once/month x 6 mths 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


End of treatment 


Microscopy — 
Symptoms — 
Culture - 


Not OK 


Donders. Individualized decreasing-dose maintenance 
fluconazole regimen for recurrent vulvovaginal candidiasis. 
Am J Obstet Gynecol 2008. 


Figure 15.3 Schematic flow chart of individualized degressive dose regimen with fluconazole 
for recurrent vulvovaginal candidosis (Donders et al., 2008). 
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Figure 15.4 Flow chart of approach of a patient with recurrent vuvlovaginal candidosis 
(Donders et al., 2010). 


Figure 16.1 Annular scaly plaques of tinea cruris et corporis without any genital involvement. 


Figure 16.2 Severe tinea cruris et corporis with tinea genitalis (involvement of penile shaft). 


Figure 16.3 Isolated involvement of penile shaft in tinea genitalis, a rare occurrence. 


Figure 16.4 Tinea corporis et cruris in a young girl. 
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Figure 17.1 Age-specific prevalence of Chlamydia trachomatis, Neisseria gonorrhoeae and 
Trichomonas vaginalis. The age-specific prevalence for C. trachomatis (CT), N. gonorrhoeae 
(GC), and T. vaginalis (TV) are shown from a multisite study of >1900 women. Gonorrhea rates 
are slightly higher in young women while chlamydia rates show the typical pattern of a 
definite peak for women less than 30. In the same women, trichomonas infection peaked in 
35-50 year olds. (Source: Adapted from Van Der Pol (2002)). 
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Figure 17.2 Trichomonas vaginalis from in vitro culture. Trichomonads stained with Giemsa 
stain (from www.cdc.gov). Arrows show the flagella and asymmetrically located undulating 


membrane. 


Figure 18.1 Scabies: burrow (circle). 


Figure 18.2 Scabies: papules on the wrist. 


Figure 18.3 Scabies: multiple papules on the trunk in a newborn. 


Figure 18.4 Scabies: papules, excoriations, and crusts. 


Figure 18.5 Scabies: several excoriated papules on the abdomen. 


Figure 18.6 Scabies: impetiginized and crusted lesions. 


Figure 18.7 Nodular scabies: solitary lesion on the penis in a child. 


Figure 18.8 Crusted scabies: hyperkeratotic lesions on the palm. 


Figure 18.9 Scabies: dermatoscopy at x10 magnification showing the presence of a burrow. 
At one extremity a pigmented brown triangular structure (corresponding to the anterior part 
of Sarcoptes scabiei) is evident (arrowhead). 


Figure 18.10 Crusted scabies: dermatoscopy at x10 magnification showing the presence of a 
multiple burrows. 
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Figure 18.11 Scabies: high magnification dermatoscopy at x500 magnification showing the 
mite. The pigmented head and anterior legs are evident (arrowhead). 
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